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and code reproducing apparatus 



(57) The code^ ^ cony ersion method of the present 
' thventibh' ihcTudes'^ steps of: scrambling an input 
main data unit based on any of plural types of pseudo- 
random number sequences; modulating the scrambled 
main data unit based on any of plural types of modula- 
tion data; producing an output main data unit from the 
modulated main data unit; obtaining a calculated value 
r^esenting a difference between a number of 0 bits 
and a number of 1 bits included in the output main data 
unit; and selecting any of the modulation data depend- 
ent upon the calculated value. The code conversion 



method of the present inventk>n is characterized by fur- 
ther including the steps of: detenmining whether or riot a 
variatoi of the calculated value has exceeded a prede* 
termined thresfioki value; newly selecting another 
pseudo-rarxiom number sequence used for the step of 
scrambling if it is determined that the variation of the 
calculated value has exceeded the predetennined 
threshoU value; and re^scrambCng the input main data 
unit based on the newly selected pseudo-random 
number sequence. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a code conversion method and apparatus for scrambling and modulating data, a 
code recording medium on which the scrambled and modulated data may be recorded and code recording and repro- 
dudng apparatus for recording/reproducing the scrambled and modulated data onto/from a recording medium. 

2. DESCRIPTION OF THE RELATED ART: 

Optical disks have become very popular as recording media for recording various types of software data such as 
video data, audio data and corrputer data thereon. The optical disks include various kinds of read-only type disks such 
as a laser disk (LD). a compact disk (CD), a compact disk read-only memory (CD-ROM) and various kinds of rewritable 
and/or write-once type disks such as a magneto-optic disK a phase change disk and a recortiable contact disk (CD- 
R). 

On the other hand, in recent years. hlgh-effk;iency coding technologies also have been developed. Consequently, 
any type of data cunrently can be processed as digital data. For exanple, even video data can be band corrpressed so 
as to be processed as digital data. In view of these devetopments. inaeasingly it has become necessary to further 
increase the capacity and the recording density of an optical disk. 

However, as the recording density of a recording medium is increased, the difference between the signals repre- 
senting a value of "1" and the signals representing a value of "X)" which have been read out from such a recording 
medium becomes smaller. As a result, a read margin is adversely decreased and the quality of a reproduced signal is 
more likely to be degraded. 

In order to avoid such a deg^dation in quality of a reproduced signal, the low frequency components of a signal 
must be reduced when the signal is recorded onto a recording medium. This is because a signal reproduced from an 
optical disk contains a lot of low frequency noise, which must be removed by a filter in order to improve the signal to 
noise (S/N) ratio of a reproduced signal. Thus, since the filter also cuts the necessary low frequency components of the 
reproduced signal, the effects of the ndse reduction may be alleviated by preliminarily reducing the low frequency com- 
ponents of the signal to be recorded. 

Various data coding methods have been proposed for reducing the low frequency components thereof. However, 
even when any of these coding methq^is- fe appfietf^^a-date^jatte® low frequency components which cannot be 
reduced may still appear for a long duration in some cases. Thus, it is ^ecfc've to scramble data for redudng the pos- 
sibiffty. 

VVhen data is recorded and/or reproduced onto/from a recording medium, recording arxJ reproducing operations 
are performed on the basis of a data unit having a particular size. Such a data unit is called a "sector. The run length 
of the codes recorded on a sector is limited in order to narrow the frequency bandwidth of a channel for the record- 
ing/ireprodudng apparatus. 

Once an error is generated when the data is recorded and/br reprocfoced onto/frc)m the run-length limhed sector, 
the error does not remain in the erroneous sector but is propagated into succeeding sectors of the data. In order to pre- 
vent such en-or propagation, predetemiined patterns Wenfifiable from the recorded data are recorded onto every sector 
at regular Intervals. Such pattems are called "^ync codes". The respective regions of a sector which are partitioned by 
these sync codes are called frames*. 

As mentioned above, since the low frequerx^y components of data must be reduced when the data is recorded, the 
data is converted before the data is recorded. The conversion is accomplished, for example, by a code conversion 
apparatus such as that shown in Rgure 18. 

As shown in Rgure 18, when main data is input to a scrambler 1 01 , the scrambler 1 01 scrambles the main data in 
accordance with a pseudo-random number sequence and then supplies the scrambled main data to an fi/16 modulator 
102. When the scrambled main data is input to the 8/16 rnodulator 102, the 8/16 modulator 102 modulates the main 
data and then outputs the modulated main data as recording data. The recording data is transmitted to a record- 
ing/reproducing apparatus to be recorded onto a recording medium. 

In addition, the higher 4 bits (i.e., bit 4 to bit 8) of the togical address (8 bits) associated with the input main data is 
also input to the scrambler 1 01 as a seed select signal. Scramble data of different types are sequentially selected within 
a set of 1 6 logical addresses (i.e., on the basis of 1 6 sectors). That is to say, single scramble data is represented by any 
of respectively different 16 types of pseudo-random number sequences. Thus, in the respective sectors, the 16 types 
of pseudo-random number sequences associated with the respective scramble data are sequentially selected. Moreo- 
ver, the scrambler 1 01 scrambles the data included in one sector depending upon the selected pseudo-random number 
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sequences, in response to a sector start sigral. 

The scrambling is performed by the scrambler 101 by obtaining the exclusive-OR of the main data and the data (or 
random numbers) generated from an M sequence (maximum length sequence) represented by the following generating 
polynomial (1) for every bit of both types of data. 

X^%xVl (1) 

Figure 19 illustrates a configuration of the scrambler 101. As shown in Rgure 19, the initial bit patterns of the 16 
types of pseudo-random number sequences are stored beforehand in a seed ROM 111. In response to a seed select 
signal, any of these initial bit patterns is selected from the seed ROM 11 1 . A shift register 112 receives the initial bit pat- 
tern selected from the seed ROM 1 1 1 in response to a seed load signal and then sequentially shifts the initial bit pattern 
in synchronization with a bit clock. An exclusive-OR element 113 obtains an excIusive-OR of the bit shifted out by the 
shift register 112 and the fourth most significant bit stored in the shift register 112 and then returns the operation result 
to the shift register 112. The lower 8 bits stored in the shift register 1 1 2 are latched in a flip-flop 1 14 in synchronisation 
with a word clock. A con'esponding bit of the 8-bit string latched in the flip-flop 1 14 is applied to an individual exclusive- 
OR element 115. Not only the corresponding bit of the 8-bit siring but also a corresponding bit of 8-bit main data word 
are input to each of these exclusive-OR elements 115, which obtains the exdusive-OR of each pair of bits and then out- 
puts the operation result 

On the other hand, the 8/16 nnodulator 102 performs a two-stage modulation to produce an output main data from 
the scrambled main data. The first stage modulation is performed to produce 16-bit main data from 8-bit main data by 
modulating the scrambled data by means of a pit position modulation (PPM), while the second stage modulation is per- 
formed to produce 16-bit ou^ut main data from the 16-bit main data by modulating the 16-bit main data by means of a 
pulse width modulation (PWM). 

Figure 20 illustrates a configuration of the 8/16 modulator 102. As shown in Rgure 20, the 8-bit main data scram- 
bled by the scrambler 1 01 is not only supplied to a main table 1 22 and a sub-table 1 23 via a f lip-ftop 1 21 but also directiy 
supplied to a digital sum value (DSV) controller 124. The main data and data representing the next state as selected by 
a selector 125 are input to the main table 122. Similarly, the main data and tiie data representing the next state as 
selected by the selector 125 are input to the sutntable 123. 

The main table 1 22 includes the main data shown in the following Table 1 . An 8-bit main data value is searched for 
by state in the main table 122 and a 16-bit main data word corresponding to tiie next state is selected and output with 
reference to the main data showri in Table 1. Similaiiy, the sui>table 123 includes the sub-data shown in the following 
Table 2. An 8-brt mam data value is searched for by state in the sub-table 1 23 and a 1 6-bit main data word correspond- 
ing to the next state is selected and output withtefe^ 

Since the range of the 8-bit main data values is from 0 to 255, 256 sets of 164>rt main data words are defined 
beforehand in the main table 122 for the respective 8-bit main data values (0 to 255). However, ft should be noted that 
only a part (0 to 45} of the 8-brt main data values (0 to 255) and only a part of the 1 6-brt maffi data words corresponding 
to these 46 values are shown in Table 1. On the other hand, in the sUb-table 123, 88 sets of 16-bit main data words are 
defined for a part (0 to 87) of the 8-bit main data values (0 to 255), unlike the main table 122. However, a smaller part 
(0 to 45) of the 88 8-bft main data values (0 to 87) and a smaller part of the 1 6-bK main data words corresponding to 
the 46 values are shown In Table 2. Furthermore, in both the tables 122 and 123, the next state Is defined for each of 
the 16-bit main data words. Thus, when the 16-bit main data woid is searched for, the next state conresponding to the 
16-btt main data word is also read out 
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[Table 1] 



Conversion table for 8/16 modulated codes(main) 



Main 
dota 
value 



Stote 1 
Code Word 
MSB LSB 



State 2 



State 3 



State 4 



001000000000100] 
0010000000010010 
0010000100100000 
0010000001001000 
0010000010010000 
0010000000100100 
0010000000100100 
0010000001001000 
0010000010010000 
0010000100100000 
OOlOOlOOlOOOOOOO 
OOlOOOlOOlOOOOOC 
001001001000000 
OOlOOOlOOlOOOOO 
001000000100100' 
001000010010000 
001000001001000 
0010000000100010 
XXIIOOOOOOOOlOO 
101000000001000 
001000000010010 
000100000000 
000010000000L.. 
0010001000100000 
010000100010000 

oloooooioooloa 

01000000100010( 
001000100100000 

oolooooooooom 

00100001001000C 

ooloooooiooloa 

001000000100100 
XllOOOOOOGOOlOO 
001000000000100 
001000000100100 

oooioooooitniooo 

0O010O0O10O1O00O 
000100D100100000 
IjOOOOOOOOOlOOO 
010000001000100 
0010000010001000 
0010000100010000 
)10001000100000 
0010010001000000 
0001001001000000 
0000001000000001 



Next 
stote 



Code Word 
MSB LSB 



1 
1 

2 
2 
2 
2 
3 
3 
3 
3 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 

1 



0100000100100000 

001000000001001 

0010000100100000 

0100010010000001 

0010000010010000 

0010000000100100 

0010000000100100 

0100000000010010 

0010000010010000 

ooiooooiooioooot 

OOlOOlOOlOOOOOOO 
001000100100000 
001001001000000 
OOlOOOlOOlOOOOO 
0100000000100100 
OOlOOOlOOlOOOOO 
001000010010000 
0010000000100010 
0100000010010000 
XIIOOOOOOOOIOOO 
)001000000010010 
000010000000O 
OOOOOIOOOOOOO 
XIIOOOIOOOIOOOOO 
}01000010001000( 
}10000000010010( 
0010000001000100 
KIOIOOOIOOIOOOOO 
IIOOOOOOIOOIOOOO 
lOOlOOOOIOOIOOOO 
)10000O10010000C 
)00100000010010( 
]00100000000010( 
XlOIOOOOOOOOOlOO 
001000000100100 
100001001000000 
001000010010000 
1001000100100000 
100100100000001 
XllOOOOOOlOOOlOO 
0100010010000001 
)010000100010000 
0010001000100000 
}OI0010001000000 
0001001001000000 
100010001000000 



Next 
Slate 



Code Word 
MSB LSB 



2 

1 

2 
4 
2 
2 
3 

1 

3 
3 
4 
4 

1 
1 

3 

1 
1 
1 

2 

1 
1 
1 
1 

2 
2 
2 
2 
2 
3 
2 
3 
2 
2 
3 
3 
4 
3 
3 

1 

3 

1 

3 
3 
4 
4 
4 



0010000000001001 
1000000100100000 
"XIOGOOOOOIOOIO 
0010000001001000 
1000000100100000 
100100100000000 
100010010000000 
OO10000001O01O00 
1000010010000000 
100100100000000 
100010010000000 
100000001001000 
1000000010010000 
100001001000000 
001000000100100 
100000100100000 
1O0000O10O100O0 
1000001001000000 
000100000000100 
1001000100000000 
1000100010000000 
1000000010010001 
1000000001001001 
lOOOOOOOOIOOlOOt 
1000000001001000 

ooloooeoifleoL;: 

1O0O000O0O100O1O 
"1000000010001 
0010000000001000 
1001001000000010 
0001000001001000 
001000100000001 
000100100000010 
000100010000001 
"100O00O1OOI00 
OOOIOOOOOIOOIOOO 

nooooooiooloo 

000010001000000 
0010000000001000 
001000010000000 
0010000010001000 
000010010000010 
000001000100000 
000010001000001 
000001000100000 
OOOOOlOOlOOOOlO 



Nex 
state 



Code Word 
MSB LSB 



0100000100100000 
1000000100100000 
1000000000010010 
0100010010000000 
1000000100100000 
1001001000000000 
1000100100000000 
010000000001001 
10000I0010000000 
1O010010O00000O 
100010010000000 
1000000010010000 
1000000010010000 
100001001000000 
0100000000100100 
100000100100000 
100000010010000 
1000001001000000 
0100000010010000 
00100010000000C 
000100010000000 
000000010010001 
000000001001001 

ooooooooiQOloa 

000000001001000 
01 



Next 
stote 



100010 
10001 
100000010010000 
001001000000010 
100000100100000 
001000100000001 
000100100000010 
000100010000001 

100100 

0100001001000000 
100100 
000010001000000 
0100100100000001 
001000010000000 
100010010000001 
000010010000010 
000001000100000 
000010001000001 
000001000100000 
100010001000000 
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[Table 2] 



Conversion table for 8/16 modulated codes(sub) 



10 



IS 



to 



2S 



SO 



3S 



40 



45 



Main 
data 
value 



so 



0 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 



State 1 



Code Word 
MSB LSB 



OOOOOtOOIOOOOOOO 
0000100100000000 
0O0IO010O0O00O0O 
0000001001000000 
0000000100100000 
0000000010010000 

oooooooooiooioot 

0000000001001000 
0000000010010000 
0000000100100000 
OOOOOIOOOIOOOOOO 
1000100010000000 
0001000100000000 
1010001000000000 
1000001000100000 
0000000100010000 
0000000010001000 
0000000001000100 
1000000001000100 
1010000010001000 
lOOOOOOlOOOIOOOO 
1000001000100000 
lOOOOlOOIOOOOOO 
100010010000000' 
000100100000000 
OOlOOlOOOOOOOQD 
000000100100 
0(^1000001001000 
000000010010000 
100000100100000' 
1000100001000000 
1001000010000000 
1010000100000000 
1000010000100000 

loooooiooooiooa 
oooooooiooooiooc 
oooooooiooooioc 

1000(H000010000( 
)00000001000010( 

ooooooiooooioot 

0000001000010000 
1000010001000001 
OOOOOlOOIOOOOOlO 
0000100010000001 
1000100100000010 
0001000100000001 
0001001000000010 



state 2 



Next 


Code Word 


Next 


State 






4 


AAAAm Am AAAAAA 

000001 001 ooooooc 


4 


4 


0000100100000GOO 


4 


4 


A A A 4 A A J AAAAAAAA 

0001001000000000 


4' 


4 


010001000000000 


1 


3 


0100100000000010 


1 


3 


0100001000000000 


4 


3 


0100100000000100 


2 


2 


0100000100000000 


4 


2 


0100100010010000 


3 


2 


0100100000100100 


2 


4 


OOOOOIOOOIOOOOOO 


4 


4 


0000100010000000 


4 


4 


0001000100000000 


4 


4 


0010001000000000 


4 


3 


0100100000000100 


3 


; 3 


0100100010010000 


2 


3 


0100001000000001 


1 


3 


0100010000000010 


1 


2 


110010000010010C 


3 


2 


0100100100100000 


3 


2 


0100100100100000 


2 


2 


0100100000010010 


1 


1 


XXlOOIOOIOOOOOOl 


1 


1 


0000100100000001 


1 


1 


0001001000000001 


1 


1 


0010010000000001 


1. 


1 


0100010000000100 


3 


1 


1100000100000001 


1 


1 


0100010000000100 


2 


1 


0100001000000010 


1 


4 


AAA A J AAAn A MMAAAA 

0000100001000000 


4 


4 


0001000010000000 


4 


.4 


0010000100000000 


4 


3 


XXXIOIOOOOIOOOOO 


3 


3 


1100010000010010 


1 


3 


O10O1000OOO100O1 


1 


3 


1100000010000000 


4 


2 


1000010000100000 


2 


2 


O10OO1000O1O0100 


3 


2 


1100010000100100 


2 


2 


0100100000100010 


1 


1 


0000010001000001 


1 


1 


OOOOOlOOIOOOOOlO 


1 


1 


0000100010000001 


1 


1 


0000100100000010 


1 


1 


0OO1OOO10OOOO0O1 


1 


1 


D001001000000010 


1 



state 3 



Code Word 
MSB LSB 



Stote 4 



01O0100O00OO1OO 



0100010001001000 
010010000000100{ 
lOOOIOOOOOIOOIOC 
1000100010010000 
0100100010001000 
1000100QOOOQ0100 
10000IOOOOOC 
1000100000000010 
1001000000001001 
1001000000010010 
1000100000100100 
1000100001001000 
0100010000001001 
0100100001001001 
1000100100100000 
1001000000001000 
1001000001000100 
1000001000000001 
1000100010010000 
1000100100100000 
1001000000001000 
000010000000010 
000000100000000 
001000001000100 
OO1O00O00O01O01 
001000010001000 
001000100010000 



Next 


Code Word 


Next 


OIUIC 


UQR 1 CD 




2 


A 4 AA 4 AAA A 4 AA J AA 

0100100001001000 


2 


3 


A d AAJ AAAAJ AA J ilj%A 

0100100001001000 


3 


1 


0100100000001001 


1 


4 


0100010000000001 


1 


3 


0100100000000010 


1 


3 


0100001000000000 


4 


3 


0100100000000100 


2 


2 


010000010000000( 


4 


2 


0100100010010000 


3 


2 


0190100000100100 


2 


4 


1001001001000000 


4 


3 


1O00100O010O1000 


3 


3 


0100010001001000 


3 


3 


1O0O1000000OO1O0 


3 


3 


010010000000010( 


3 


3 


010O1O0O10O100OO 


2 


3 


0100001000000001 


1 


3 


oicooioooooooou 


1 


2 


0100100000100100 


3 


2 


0100100100100000 


3 


2 


OlOOlOOIOOIOOOOC 


2 


2 


0100100000010010 


1 


3 


1000100000100100 


3 


3 


1O001O0O10O1O0OO 


3 


2 


0100100010001000 


2 




mosimjoo 


2 


1 


A J AA^ A A AAA AAA 4 A A 

0100100000000100 


3 


1 


0100000100000001 


1 


1 


0100010000000100 


2 


1 


A J A AAA J AA AAA AA4 A 

0100001000000010 


1 


2 


4 AAA J A AAAA J AM 4 AA 

1000100000100100 


2 


2 


J AAA^ AAAA^ AA S AAA 

1000100001001000 


2 


1 


0100100000001001 


1 


1 


0100100001001001 


1 


3 


0100010000010010 


1 


3 


0100100000010001 


1 


3 


0100000010000000 


4 


1 


1000001000000001 


1 


2 


0100010000100100 


3 


2 


0100010000100100 


2 


2 


0100100000100010 


1 


1 


1000010000000010 


1 


4 


1000000100000000 


4 


2 


1001000001000100 


2 


1 


1000100000001001 


1 


3 


1001000010001000 


3 


3 


1001000100010000 


3 



55 

In the main table 1 22. if an input 8-bit main data value is induded within the range from 0 to 87, any of the four types 
of states SI to S4 shown in Table 1 is selected in accordance with the next state specified by the selector 125. A 16-bit 
main data word corresponding to the Input 8-bit main data value is selected from the 16-bit main data words belonging 



5 
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to the selected state. Then, the selected 1 6-bit raain data word DM is output to a aoss-bar switch 1 26. 

On the other hand, if an input 8-bit main data value is included within the range from 88 to 255 in the main table 
122 and any of the two types of states SI and S4 shown in Table 1 is selected in accordance with the next state spec- 
ified by the selector 125. a 16-bit main data word corresponding to the input 8-bit main data value is selected from the 

5 16-bit main data words belonging to the selected state SI or S4. Then, the selected 16-blt main data word D1 or D4 is 
output to the cross-bar switch 126. Furthemiore, if an input 8-bit main data value is included within the range from 88 
to 255 in the main table 122 and any of the two types of states S2 and S3 shown in Table 1 is selected in accordance 
with the next state specified by the selector 125, a 16-bit main data word corresponding to the input 8-bit main data 
value is selected from the 16-tMt main data words belonging to the gelected state S2 or S3. Then, the selected 16-bit 

10 main data word is output to the cross-bar switch 1 26. 

Similarly, if an input 8-bit main data value is included within the range from 0 to 87 in the suk>table 123. any of the 
four types of states SI to S4 shown in Table 2 is selected in accordance with the next state specified by the selector 
125. And a 16-bit main data word con-esponding to the input 8-bit main data value is selected from the 16-bit main data 
words belonging to the selected state. Then, the selected 16-bit main data word DS is output to the cross-bar switch 

IS 126. 

At this time, not only the selected 16-bit data words but also the next states conresponding to these 16-bit data 
words are read out from the tables 122 and 123 and then output to the cross-bar switch 126. 

It is noted that the next state is initialized to be 1 In response to a sync code at the beginning of a frame. 
When an 8-bit main data value and the next state specified by the selector 125 are irput to the DSV controller 124, 
20 the DSV controller 124 makes a decision based on the 8-bit main data value and the next state and then outputs a 
cross-bar switch select signal con-esponding to the decision result to the cross-bar switch 126. 

In response to the cross-bar switch select signal, the cross-bar switch 126 selects one or two main data word(s) 
from the 1 6-bit main data word provided from the main table 1 22 and the 1 6-bit main data word provided from the sub- 
table 123 and then outputs the one or two 1 6-bit main data wond(s) to at least one of a first DSV arithmetic circuit 127 
25 and a second DSV arithmetic circuit 128. 

For example, If the DSV controller 1 24 has determined that the 8-bit main data value is equal to or smaller than 87 
and the 16-blt main data word corresponding to the 8-bit main data value exists in each of the main table 122 and the 
si4>-table 123. then the aoss-bar switch 126 selects the 16-bit main data words DM and DS from the main table 122 
and the sub-table 123, respectively, in response to the cross-bar switch select signal. Then, the cross-bar switch 126 
30 outputs the 1 6-bit main data words DM and DS to the first and the second DSV arithmetic circuits 1 27 and 1 28. 

On the other hand. *rf the DSV controller 1 24 has determined that the 84Dit main data value is equal to or larger than 
88, the 16-bit main data word corresponding to the 8-brt main data value exists only in the main table 122, and either 
r*-tihe€late St*or4hft8tEteS4 has been selected by the next state specif ied byJhe selector 125, then the cross-bar switeh^r-3er>^*-i-^^ 

126 selects the 16-bit main data word 01 or D4 supplied from the nfiain table 122 in response to the cross-bar swvitch 
35 select signal Then, the cross-bar switch 126 outputs the 16-blt main data word D1 or D4 to the first and the second 
DSV arithmetic drcuits 127 and 128. 

Furthermore, if the DSV controller 124 has determined that the 8-brt main data value is equal to or larger than 88, 
the 16-bit main data word con-esponding to the 8-brt main data value exists only In the main table 122, and either the 
state S2 or the state S3 has been selected by the next state specified by the selector 125, then the cross-bar switch 126 
40 selects only a single 16-bit main data word (or the 16-brl main data word which has been read out in accordance with 
either the state S2 or the state S3 specified by the next state) stfpplied from the main table 122 In response to the ccoss- 
bar switch select signal. Then, the cross-bar switch 126 outputs the 16-bit main data word D2 or D3 to the first DSV 
arithmetic draft 127. 

The selections made by the cross-bar switch 1 26 from the 1 6-bit main data words DM, D1 , D4 and DS are dassif ied 
45 as shown in the following Table 3. 



[Table 3] 



60 



Main Data Value 


0to87 


88to255 


88 to 255 


Next State 


S1. S2, S3,S4 


SI orS4 


S2 or S3 


Data Selection 


Select DM from main table and 
DS from sub-table 


Select D1 or D4 con-espond- 
ing to SI or S4 from main 
table 


Always select DM specified by 
next state S2 or S3 from main 
table 



However, in the case where the 8-bit main data value is equal to or larger than 88 and either the state SI or the 
state S4 has been selected in accordance with the next state specified by the selector 1 25, if the run length of succes- 
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sive codes having an equal sign between an 8-bit main data word and a previous 8-brt main data word is out of the 
range from 2 to 1 0 in either the state S1 or the state S4, then the DSV controller 124 controls the cross-bar switch 126 
such that only a 1 6-brt main data word D1 or DA belonging to the state SI or S4 and having a run length within the range 
from 2 to 10 is selectively output. Thus, in order to output the 16-bit main data words D1 and D4 from the main table 
5 122 to the first and the second DSV arithmetic circuits 127 and 128, the run length of the successive codes having an 
equal sign between an 8-bit main data word and a previous 8-bit main data word Is required to be within the range of 2 
to 10. 

Every time a 1 6-bft main data word is input to the first arithmetic circuit 1 27 and/or the second arithmetic circuit 1 28, 
the arithmetic circuft(s) calcu!ate{s) a digital sum value (DSV) associated with the input 16-bit main data word. The algo- 

10 rithm used for calculating the DSV is as follows. 

For example, if a 1 6-bit main data word such as that shown in Rgure 21 A is input from the cross-bar switch 1 26 to 
a PWM modulator 129 via the selector 125, the PWM modulator 129 performs a pulse width modulation on the 16-bit 
main data word, thereby producing and outputting a 16-bit output main data word such as that shown in Rgure 21 B. 
As can be seen from the comparison between Rgures 21 A and 21 B, the number of "1" bits and the number of "0" 

15 bits included in a single output main data word can be derived from a single 16-bit input main data word. Thus, every 
time a single 16-bit main data word is input, the number of T bits and the number of "0" bits included in a single output 
main data word corresponding to the single 16-bit input main data word are obtained and then the difference between 
the numbers is calculated. The differences calculated for the respective words are accumulated, thereby obtaining a 
DSV. TTie DSVs calculated by the first and tiie second DSV arithmetic circuits 127 and 128 are supplied to the selector 

20 125 and a conrparator 1 30. In actuality, the "1 " bit included in a single output main data word is replaced by a value "+1 " 
and tfie "0" bit included in tfie single output main data word is replaced by a value "-1 The total sum of the values "+1 " 
and "-1 " is calculated in each output main data word. Then, tiie sums are accumulated for tiie respective words, tfiereby 
obtaining tiie DSV. 

In addition, the calculation is performed by the first and tfie second DSV arithmetic drcuits 127 and 128 on a sector 

25 basis, and Is continuously performed from the beginning to the end of a single sector. At the beginning of a sector, tiie 
first bit (or tiie least significant bit LSB) of the sector is input from the PWM modulator 1 29 to the first and tiie second 
DSV aritfimetic circuits 127 and 128 and the first value of the output main data word is initialized or set to be equal to 
zero in response to the M LSB. 

When the DSVs are input from the first and the second DSV aritfimetic circuits 1 27 and 1 28 to the comparator 1 30. 

30 the comparator 1 30 selects ether one of the DSVs having a smaller absolute value and tiien provides the information 
indicating tiie aritfimetic circuit 127 or 128 which has calculated the selected DSV for ttie selector 125. In response to 
the information, the selector 125 selects the arithmetic circuit 127 or 128 indicated by tiie conrparator 130, outputs tiie 
■ --^ie4*outputimtnFdat^w^ from which tiie DSV has been calculated by the aritfimetic drcuit 1 27 orl 28 to tiiePWM^-^^r-r-^??^*?^^ 
modulator 129, and outputs the next state assodated witfi tiie 1 6-bit output main data word to the main table 122, tiie 

3S sub-table 1 23 and the DSV controller 1 24. 

That is to say. in the 8/1 6 modulator 1 02, 8-bit input main data words are modulated into corresponding 1 6-bit main 
data words, the DSV of tiie respective output main data words con^esponding to the 1 6-bit main data words is calculated 
beforehand, the 16-bit main data words, from wfiich a smaller DSV can be derived, are selected and then tfie 16-bit 
main data words are modulated Into the l&bit output main data words so as.to be output However, as mentioned 

40 above, if the 16-bit main data word con-esponding to the input 8-b(tnria'n data 

and eitfier the state S2 or the state S3 iias t>een selected by tfie next state specified by the selector 125, then only a 
single 16-bit main data word (or the 16-bit main data word which has been read out In accordance with ^'tfier the state 
S2 or the state S3 specified by tfie next state) is selected from the main table 122. Thus, tfie modulation from the 16- 
bit main data word to the 16-bit output main data word is performed 

45 A series of processing steps performed by such a code conversion apparatus will be described witfi reference to 
the flow charts shown in Rgures 22 and 23. 

Rrst after the top of a frame has been Identified by counting the respective bits of an input main data word (Step 
201 ), a sync code is added to tiie top of tfie frame (Step 202) and tfie next state output from the selector 1 25 of tfie 8/1 6 
modulator 102 is initialized to be SI (Step 203). Then, if it is determined tiiat tfie end of a sector has not been reached 

so (Step 204, NO), then tfie processing returns to Step 201 . 

Suljsequentiy, the scrambling of the frame of the input main data word is started (Step 205) and tiie frame of tfie 
scrambled main data word is converted into the frame of an output main data word on a word basis (Step 206). Then, 
if the top of the next frame is identified (Step 201). a sync code is added to the top of tiie frame (Step 202) and tfie next 
stale is initialized again to be SI (Step 203). Next, the scrambling and the conversion are performed (Steps 205 and 

55 206). Rom then on. similar processing is repeatedly performed on the respective frames. And when the end of a sector 
has been reached (Step 204, YES), tfie processing of one sector ends. 

Moreover, after Step 206 has been performed, it is also determined whether or not the 8-bit main data value is 
smaller than 88. As shown in Rgure 23, if the value is smaller tiian 88 (Step 301 , YES), then a 16-bit main data word 
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having a smaller DSV is selected from the 16-bit main data word DM supplied from the main table 122 and the 16-bit 
main data word DS supplied from the subtable 123 (Step 302). 

On the other hand, if the 8-brt main data value is equal to or larger than 88 (Step 301 , NO), then a 1 6-bit main data 
word D1 or D4 having a smaller DSV is selected from the main table 122 (Step 303). 

If an output main data word always having a smaller DSV is produced in this manner, then the low frequency com- 
ponents of the main data word are reduced. Thus, in a recording/reproducing apparatus for recording and/or reproduc- 
ing the main data word ontoAfrom a recording medium, the low frequency components of a reproduced signaJ can be 
reduced, the shift of the envelope of the reproduced signal can be suppressed, and a reproduction error can be pre- 
vented to a certain degree. 

However, though the above-described prior art code conversion apparatus can surely reduce the low frequency 
components of a reproduced signal and the possibinty of the abnormal increase of the low frequency conponents. the 
degree of the reduction is not satisfactorily high and a reproduction error may continue to occur in some cases. 

More specifically, when there are types of 1 6-bit main data words in the 8/1 6 modulator 1 02 shown in Figure 20. 
N types of 16-bit main data words having bit patterns causing the DSV to diverge are included in the M types of 16-bit 
main data words. Thus, if 1 6-bit main data words having such bit patterns successively appear, then the DSV adversely 
increases or decreases to diverge. As a result, the low frequency conponents of the output main data words are disad- 
vantageously increased. 

In the above<iescribed conventional example, M = 256 and N = 168. When the 8-bit main data value is within the 
range from 0 to 87, the DSV converges. On the other hand, when the 8-bit main data value is in the range from 88 to 
255, the DSV diverges. In actuality, the divergence of the DSV occurs in about 1 0% of the entire main data, Rgure 24A 
is a graph showing the variation of the 843rt main data values in one sector and Rgure 24B is a graph showing the 
increase and the decrease of the DSV in accordance with the variation of the 8-bit main data values. As can be seen 
from these graphs, if the 8-bit main data values are continuously included within the range from 88 to 255. the DSV 
diverges. 

That is to say. in the prior art code conversion apparatus, though the input main data is scrambled and the scram- 
bled main data is subjected to an 8/16 modulation, the low frequency conponents of the main data cannot be safisfec- 
torily reduced. Consequently, when the main data is reproduced from a recording nfiedium on which the main data has 
been recorded, the low frequency conponents of the reproduced signal increase, the envelope of the reproduced signal 
abruptly varies, and a reproduction error occurs. Even if the envelope of the reproduced signal is corrected or the main 
data is con-ected by using an error conrection code (ECC) to be added thereto, such a reproduction en-or cannot be 
totally prevented. 

In addition, since a set of pseudo-random number sequences are sequentially rearranged in a predetermined 
order, it is possible that substantially the same^signaNsrfepeatedljGape^wf^ on the same sector. In such a case, since 
the characteristics of a part of the recording medium occupied by the sector In question become nonuniform, the S/N 
ratio of the reproduced signal is decreased and a reproduction error occurs In some cases. 

SUMMARY OF THE INVENTION 

According to the present Invention, a code conversion method is provided The method includes the steps of: 
scrambling an input main data word based on any of plural types of pseudo-random number sequences; modulatir^ the 
scrambled main data ur* based on any of plural types of modulation data; producing an output main data unit from the 
modulated main data unit; obtairung a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits Included fri the output main data unit; and selecting any of the modulation data dependent upon the 
calculated value. The code conversion method of the present invention is characterized by further including the steps 
of: determining whether or not a variation of the calculated value has exceeded a predetemined threshold value; newly 
selecting anotfier pseudo-random number sequence used for the step of scrambling if it is determined tfiat the variation 
of the calculated value has exceeded the predetermined threshold value; and re-scrambling the irput main data unit 
based on the newly selected pseudo-random number sequence. 

In one embodment the step of modulating the scrambled wain data unit may be performed by a first modulation 
having M types of modulation data and tiie step of produdng tiie output main data unit may be peribrmed by a second 
modulatioa In ttiis embodiment N types of nrKxJulation data out of tfie M types of modulation data are assumed to 
cause an increase of tiie calculated value. 

In another embodiment, in the step of modulating, the first modulation may be a pit position modulation having M 
types of modulation data, snd in the step of producing, the second modulation may be a pulse widtti modulation. 

In still another embodiment, in the step of determining, if tfie variation of the calculated value has exceeded the 
threshold value K during a first period L. an output main data unit having a bit pattern which has caused the increase 
of the calculated value may be included in a plurality of main data units to be output during the first period L If the 
pseudo-random number sequence applied to tfie main data unit which has caused tiie increase of the calculated value 
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is called a first pseudo-random number sequence, the first pseudo-random number sequence is changed into any of a 
plurality of predetermined second pseudo-random number sequences. The plurality of second pseudo-random number 
sequences may be pseudo-random number sequences making it possible to obtain a plurality of main data units not 
having the bit pattern as the main data units to be produced by the step of re-scrambling and to be output during the 
first period L at a ratio equal to or larger than (M - N)/M . 

In still another embodiment, if a period during which a series of output main data units are produced by the step of 
scrambling using the first pseudo-random number sequence is called a second period H. the number of the plurality of 
second pseudo-random number sequences may be at least equal to H/L = J . 

In still another embodiment in the step of determining, if the variation of the^calculated value has exceeded the 
threshold value, a part of the main data^inits which have been previously input before the point in time and have a pre- 
determined length maybe re-scrambled after another pseudo-random number sequence is newly selected for the part. 

In still another embodiment, the code conversion method further includes the steps of: obtaining a calculated value 
of an output main data unit corresponding to the input main data unit having a predetermined length; newly selecting 
another pseudo-random number sequence and re-scrambling the input main data unit if the variation of the calculated 
value has exceeded the threshold value; and obtaining a pseudo-random number sequence causing the variation of the 
calculated value to be equal to or smaller than the threshold value. 

According to anotiier aspect of the present inverrtion. a code conversion method is provided. The method includes 
the steps of: scrambling an input main data unit based on any of plural types of pseudo-random number sequences; 
modulating the scrambled main data unit based on any of plural types of modulation data; producing an output main 
data unit from the modulated main data unit; obtaining a calculated value representing a difference between a number 
of 0 bits and a number of 1 bits included In the output main data unit; and selecting any of the nxxlulation data depend- 
ent upon the calculated value. The code conversion method is characterized by further including the steps of: detemiin- 
ing whether or not an absolute value of the calculated value has exceeded a predetermined threshold value; newly 
selecting anotfier pseudo-random number sequence used for the step of scramMng if it is determined that the absolute 
value of the calculated value has exceeded the predetennined threshold value; and re-scrambling the input main data 
unit based on the newly selected pseudo-random number sequence. 

According to still another aspect of the present invention, a code conversion apparatus is provided. The code con- 
version apparatus includes: storage means for storing an input main data unit; scrambling means for scrambling the 
main data unit stored in the storage means based on any of plural types of pseudo-random number sequences; mod- 
ulation means for modulating the scrambled main data mit based on any of plural types of modulation data and pro- 
ducing an output main data unit from the modulated main data unit; arithmetic means for obtaining a calculated value 
representing a difference between a number of 0 bits and a number of 1 bits included in the output main data unit which 
-has been produced by the modulation means; and conriparison jmeans-fof^scfetermining whether or not the calculated 
value obtained by the arithmetic means is within a predetennined tolerance range; and control means for instructing the 
scrambling means to newly select another pseudo-random number sequence and to re-scramble the main data units 
stored h the storage means if the comparison means has determined that the calculated value is out of the tolerance 
range. 

In one embodiment the code conversion apparatus further includes recording means for recording output data of 
the modulation means, the control means outputs a conversion failure signal if the comparison means has detennined 
that the calculated value fe out of the tolerance range, and the recording means re-starts recording the output data of 
the modulation means, in response to the conversion failure signal. 

According to still another aspect of the present Invention, a code conversion apparatus is provided. The code con- 
version apparatus includes: storage means for storing an input main data unit; scrambTing means for scrambfing the 
rnain data unit stored in the storage means based on any of plural typeis of pseudo-random number sequences; detec- 
tion means for detecting a location of the main data unit which has been read out from the storage means; modulation 
means for modulating the scrambled main data unit based on any of plural types of modulation data and produdng an 
output main data unit from the nxxlulated main data unit arithmetic means for obtaining a calculated value representing 
a difference between a number of 0 bits and a rujmber of 1 bits included in the output main data unit; comparison means 
for determining whether or not tiie calculated value obtained by tfie aritiimetic means is witfiin a predeternvned toler- 
ance range; and control means for instructing the scranriDling means to newly select another pseudo-random number 
sequence and then to re-scramble a part of the main data units located prior to the location of the main data unit which 
has been detected by the detection means at a point in time when the comparison means determines that the calcu- 
lated value is out of the tolerance range. 

In one embodiment, the code conversion apparatus further includes recording means for recorcfing the output main 
data unit the control means outputs a conversion failure signal if the corrparison means has determined that the cal- 
culated value is out of the tolerance range, and the recording means re-starts recording the output main data unit, in 
response to the conversion failure signal. 

According to still another aspect of the present invention, a code conversion apparatus is provided. The code con- 
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version apparatus includes: storage means for storing an input main data unit; scrambling means for scrambling the 
main data unit stored in the storage means based on any of plural types of pseudo-random number sequences: detec- 
tion means for detecting a location of each frame of the main data unit stored in the storage means every time each said 
frame is sequentially read out from the storage means; modulation means for modulating the scrambled main data unit 

5 based on any of plural types of modulation data and producing an output main data unit from the modulated main data 
unit; arithmetic means for obtaining a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits included in the output man data unit; comparison means for determining whether or not the calculated 
value obtained by the arithmetic means is within a predetermined tolerance range; and control means for instructing the 
scrambling means to newly select another pseudo-random number sequence and then to re-scramble a plurality of 

10 frames located prior to the frame, the location of which has been detected by the detection means, at a point in time 
when the comparison means has detiermined that the calculated value is out of the tolerance range. 

According to still another aspect of the present invention, a code conversion apparatus is provided. The code con- 
version apparatus includes: storage means for storing at least one sector of input main data units; scrambling means 
for scrambling the at least one sector of main data units stored in the storage means based on any of plural types of 

15 pseudo-random number sequences; nrxxlulation means for modulating tfie scrantjled main data units based on any of 
plural types of modulation data and producing output main data units from the modulated main data units; arithmetic 
means for obtaining a calculated value representing a difference between a number of 0 bits and a number of 1 bits 
included in each of the output main data units; conparison means for determining whether or not the calculated value 
obtained by the arithmetic means is within a predetermined tolerance range; and control means for instructing the 
20 scrambling means to newly select another pseudo-random number sequence and then to re-scramble the at least one 
sector of main data units stored in the storage means if the comparison means has determined that the calculated value 
is out of the tolerance range. 

According to still anotiier aspect of the present invention, a code recording medium for recording and reproducing 
main data thereon/therefrom on a sector basis is provided. In the code recording medium, scramble data and scram- 
25 Wed main data are recorded in every sector, the scramble data is represented by any off initial values of predetermined 
pseudo-random number sequences for scrambling the main data, and each of the pseudo-random number sequences 
is composed of a plurality of random numbers beginning with a unique initial value, and the main data has been scram- 
bled by sequentially performing a logical operation on the pseudo-random number sequence representing the scramble 
data and the main data. 

30 In one embodiment each of the pseudo-random rujmber sequences may be a maximum length sequence. 
In arTother embodiment, the scramble data may indicate whether or not a sector of main data is scrambled. 
In still anotfier embodiment the scramble data may be set based on the random nurrtjers. 
» *^r>«s»!WB5^in stifl another embodiment the scramble data may be set in accordance with how manylim^TTialrrdata testjeef^-' 
rewritten on the same sector. 

35 According to still another aspect of the present invention, a code recording apparatus for scrambling and recording 
main d^ on a sector basts on a recording medium is provided. The code recording apparatus includes: scramble data 
generation means for gen«ating scramble data represented by any of a pIuraTrty of predetermined pseudo-random 
number sequences; pseudo-random numl^er sequence generation means for generating the pseudo-random number 
sequences in accordance with the scramble data, each of the pseudo-random number sequences being represented 

40 by the scramble data; scrambGng means for scrambRng the main data by sequentially perfomting a logical operation on 
the generated pseudo-random number sequence and a sector of main data; nrwdulation means for riKxIulating the 
scrambled main data; and recording means for recording the modulated main data together with the scramble data onto 
a sector on the recording mecfium. 

According to still another aspect of the present invention, a code recording apparatus for scrambling and recording 

45 main data on a sector basis on a recording medium is provided. The code recording apparatus includes: scramble data 
generation means for generating scramble data represented by any of a piuraTity of predetennined pseudo-random 
number sequences; pseudo-random number sequence generation means for generating the pseudo-random number 
sequences in accordance with the scramble data, each of the pseudo-random numt>er sequences being represented 
by the scramble data; scrambling means for scrambling the main data by sequentially performing a logical operation on 

so the generated pseudo-random number sequence and a sector of main data; modulation means far modulating the 
scrambled main data; recording means for recording the modulated main data together with the scramble data onto a 
sector on the recording medium; aritiimetic means for obtaining a calculated value representing a difference between 
a number of 0 bits and a number of 1 bits included in the modulated main data; and a determination means for deter- 
mining the calculated value. 

55 In one embodiment, the pseudo-random number sequence generation means generates the pseudo-random 
number sequences in accordance witfi not only the scramble data but also sector identification data for identifying each 
sector of the recording mediunx 

In anotiier embodiment the scramble data generation means outputs the respective pseudo-random number 
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sequences in a predetermined order. 

In still another embodiment, the scramble data generation means selects each of the pseudo-random number 
sequences based on the random numbers and then outputs the scramble data representing the sefected pseudo-ran- 
dom number sequence. 

5 According to still another aspect of the present Invention, a code reproducing apparatus for reproducing main data 

from the recording medium of the present invention is provided. The code reproducing apparatus includes: read means 
for reading out the scramble data from a sector of the recording medium: pseudo-random number sequence generation 
means for generating a pseudo-random number sequence used for de-scrambling the saambled main data in accord- 
ance with the read out scramble data; and de-scrambling means for restoring an original non-scrambled main data by 

10 sequentially performing a logical operation on the pseudo-random number sequence and the sector of main data. 
Hereinafter, the functions or the effects to be attained by the present invention will be described. 
First according to the code conversion method of the present invention, rf the variation of the dalculated value rep- 
resenting a difference between the number of "0" bits and the number of T bits in the output main data word (i.e.. the 
variation of a DSV) has exceeded the threshold value, another pseudo-random number sequence is newly selected'and 

15 then the input main data word is rescrambled. Thus, the pseudo-random number sequence is repeatedly changed and 
the scrambling is repeatedly performed until the DSV becomes equal to or smaller than the threshold value. As a result, 
the increase of DSV can be prevented and the lowfrequency components of the output main data word can be reduced! 
Therefore, when such an output main data word is recorded onto a recording medium and a signal is reproduced from 
the recording medium, it is possible to reduce the low frequency components of the repnxluced signal and to prevent a 
20 reproduction error. 

In addition, the second pseudo-random number sequences used for the step of re-scrambling are assumed to be 
pseudo-random number sequences making it possble to obtain a plurality of main data words not having the bit pattern 
cauang the increase of DSV at a ratio equal to or larger than (M - N)/M . By obtaining the words not having the bit pat- 
tern in question at a ratio at least equal to (M - N)M in this manner, the variation of the DSV can be reduced to a prac- 
25 tical level. 

Moreover, if the scrambling is repeatedly peribnned by using the same first scrantrfe data during the second period 
H and if the DSV exceeds the threshold value durnig the first period L shorter than the second period H, at least the 
same number of different types of second scramble data as H/L = J are set Tlien, even if the DSV has exceeded the 
threshold value during any first period L other than the cun-ent first period L to which arbitrary second scramble data is 
30 applied, another second scramble data not causing the inwease of the DSV can be identified among the J types of sec- 
ond scramble data. 

Next according to the code recording medium of the present invention, since scramble data and scfairiDled main 
^ i!^i*;^-fe!^ata are recorded on a sector basis, the scramble data and the saambled main data can be read fronvarrarbrttaiy ae^fe^ 
tor and the scrambled main data can be restored into original data in accordance with the scramble data. Thus, the Ini- 
35 tial value of any arbitrary pseudo-random number sequence may be recorded as the scrantrfe data onto each sector. 
Moreover, since the scrant)Ie data represents the friitial value of the pseudo-random nurrtoer sequence and the 
pseudo-random number sequence is composed of random numbers beginning with the Initial value, the main data can 
be recorded after the main data has been sufficiently scrambled. As a resuft, the low frequency conponents of a signal 
to be recorded onto a sector can be reduced and it is possble to prevent the same signal frxxn being repeatedly written 
40 onto the same sector. 

In addition, the main data Is not always required to be scrambled and may be recorded and/or repixxluced as it is. 
As a result the scramble data may be changed Irregularfy. 

Thus, the invention descrtoed herein makes possible the advantages of (1) providing code conversion method and 
apparatus which can reduce the low frequency components of a signal to be recorded onto a recording medium by con- 
ttofling the pseudo-random number sequences such that the divergence of a DSV can be suppressed and that substan- 
tially the same signal is not repeatedly rewritten onto the same sector, (2) providing a code conversion recording 
medium onto/from which a signal is recorded/reproduced in accordance with the krproved code conversion method of 
the present invention, and (3) providing a code conversion recording/reproducing apparatus used for recording/i-epro- 
ducing the signal onto/from such a recording mecfium. 

These and other advantages of the present inventfon will become apparent to those skilled in the art ipon reading 
and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

figure 1 is a block diagram showing a code conversion apparatus in a first example of the present invention. 
Rgure 2 is a state transition diagram illustrating the operation procedure of the code conversion apparatus shown 
in Figure 1. 

Figure 3 is a block diagram showing a recording/ireproducing apparatus to which the code conversion apparatus 
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shown in Rgure 1 is applied. 

Figure 4 is a block diagram showing a code conversion apparatus in a second exannple of the present invention. 

Figure 5 is a blockdiagram showing in detail a scrambler switching section of the code conversion apparatus shown 
in Figure 4. 

Figure 6 is a state transition diagram illustrating the operation procedure of the code conversion apparatus shown 
in Rgure 4. 

Figure 7 is a block diagram showing a code conversion apparatus in a third example of the present Invention. 

Figure 8 shows an exemplary format for a data unit of the optical disk Implemented as an exemplary recording 
medium In a fourth example of the present invention. 

Figure 9 shows an exemplary sector format of the optical disk in the fourth example of the present invention. 

Figure 1 0 shows an exemplary sync frame format of the optica! disk In the fourth example of the present invention. 

Figure 11 schematically shows the optical disk in the fourth example of the present invention. 

Figure 12 is a block diagram showing a code recording apparatus in a fifth example of the present invention. 

Rgure 13 is a blockdiagram schematically showing a pseudo-random number generator of the code recording 
apparatus shown in Rgure 12. 

Rgure 14 is an exemplary data table for an initial value data generator of the code recording apparatus shown in 
Rgure 12. 

Rgure 15 is another exemplary data table for the initial value data generator of the code recording apparatus shown 
in Rgure 12. 

Rgure 16 is a blockdiagram showing a code recording apparatus In a sixth example of the present invention. 
Rgure 17 is a blockdiagram showing a code reproducing apparatus in a seventh example of tfie present invention. 
Rgure 18 is a blockdiagram showing a conventional code conversion apparatus. 

Rgure 19 is a block diagram showing in detail a scrambler of the conventional code conversion apparatus shown 
in Rgure 18. 

Rgure 20 is a block diagram showing in detail an 8/16 modulator of tfie conventional code conversion apparatus 
shown in Rgure 18. 

Rgure 21 A is a time chart showing tiie waveform of a 1 6-bit main data word, while Rgure 21 B is a time chart show- 
ing the waveform of a 16-bit output main data word produced by modulating the main data word shown in Figure 21 A 
by means of a pulse wkith modulation. 

Rgure 22 is a f tow chart showing exemplary processing of a conventional code conversion apparatus. 

Rgure 23 is a f tow chart showing another exemplary processing of the conventional code conversion apparatus. 

Rgure 24A ts a graph showing the variation of a main data value In a conventional code conversion apparatus, 
while Rgure 24B is a graph showing the vari^ooiof a DSV in accordance with the variation shown in Rgure 24 A. 

DESCRIPTION OF THE PREFERRED EMBODIf^ENTS 

Hereinafter, the embodiments of the present invention will be described with reference to the accompanying draw- 
ings. . 

EXAMPLE 1 

Rgure 1 shows a code conversion apparatus in a first example of the present Invention. In Rgure 1 , a memory 1 1 
stores an input main data word and can store at least two sectors of main data words. When the main data word stored 
in the memory 1 1 is input to a scrambler 12. the scrambler 1 2 scrambles the input main data word and then outputs the 
scrambled main data word to an 8/16 modulator 13. The 8/16 nrxxlulator 13 modulates the scrambled main data word 
by means of a pit position nxxlulation (PPM), tiiereby producing a main data word (16 b'rts) from the saambled main 
data word (8 brts). Then, tiie 8/1 6 modulator 1 3 further nrKxlulates the 16-bit main data worti by means of a pulse width 
modulation (P WM). thereby producing a 1 6-bit output main data word from the 1 6-bit main data word and outputting the 
16-bit output main data word. When the DSV obtained by the 8/16 modulator 13 is frput to a comparator 14, the com- 
parator 1 4 determines whether or not the variation (or the differential value) of the DSV has exceeded a predetermined 
threshold value and tiien outputs the determination result to a controller 15. 

The controller 15 controls the overall operation of the code conversion apparatus. More specifically, the controller 
1 5 defines a write address used for writing an input main data word to the memory 11 and a read address used for read- 
ing tiie stored main data word from the memory 11, changes tine initial bit pattern of a pseudo-random number 
sequence in the scrambler 12, and outputs a conversion failure signal- 

The scranr^Ier 1 2 is configured in the same way as tiie scrambler 1 01 shown in Rgure 1 9 and includes a seed ROM 
111, a shift register 112, an exclusive-OR element 113, a flip-flop 114 and a plurality of excIusive-OR elements 115. 
Thus, when an 8-bit main data word is input to ttie scrambler 12. the scrambler 12 scrambles the input 8-bit main data 
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word and then outpirts the scrambled main data word. 

The 8/16 modulator 13 is also configured in the same way as the 8/16 modulator 102 shown in Rgure 20 and 
includes a flip-flop 1 21 , a main table 1 22. a sub-table 1 23, a DSV controller 1 24. a selector 1 25. a cross-bar switch 1 26. 
a first and a second DSV arithmetic circuit 127 and 128, a PWM modulator 129 and a comparator 130. Thus, the 8/16 
5 modulator 13 also modulates an 8-bit input main data word into a 16-bit main data word, further modulates the 16-bit 
main data word into an output 16-b*t main data word and then outputs the 16-bit output main data word. 

The operation of a code conversion apparatus having such a configuration will be described with reference to a 
state transition diagram shown in Figure 2. 

First the controller 15 Is in an idle state (State 401). When a data enable signal is asserted, the memory 11 is set 
10 in a write enable state (State 402). thereby starting storage of a sector of main data in the memory 11. When a sector 
start signal is asserted, the controller 1 5 starts reading a sector of main data from the memory 1 1 and supplies the read 
main data word to the scrambler 12. The controller 15 also supplies a seed select signal and a seed load signal to the 
scrambler 12 (State 403). The initial bit patterns of predetemiined pseudo-random number sequences are stored 
beforehand in the scrambler 1 2. The scrambler 12 selects any of these initial bit patterns in response to the seed select 
15 signal, and generates a series of random numbers beginning with the selected initial bit pattern in response to the seed 
load signal. Then, the scrambler 12 scrambles the respective main data words in accordance with the series of random 
numbers and sequentially outputs the scrambled main data words to the 8/16 nrxxiulator 1 3. 

It is noted that the initial bit pattem of a pseudo-random number sequence may be set initially in accordance with 
the higher 4 bits of a logical address associated with the input main data word in the same way as in the conventional 
20 code conversion apparatus shown in Rgure 18. 

The 8/16 modulator 13 sequentially modulates the scrambled main data words by means of the PPI^, thereby pro- 
ducing a main data word (16 bits) from each of the scrant)led main data words (8 bits). Then, the 8/16 modulator 13 
further modulates the 16-bit main data word by means of the PWM, thereby producing a 16-b*rt output main data word 
from the 16-bit main data word and outputting the 16-bit output main data word. Furthermore, the 8/16 nrxxiulator 13 
25 obtains a DSV for the respective main data words by means of an accumulation and then outputs the DSV to the com- 
parator 14. Then, the comparator 14 determines whether or not the variation of the DSV has exceeded a predetermined 
threshold value and then outputs the determination result to the controller 1 5. 

While one sector of main data is read out from the memory 1 1 and the scrambling and the modulation of the main 
data word are performed, a next sector of main data is written into and stored in the memory 1 1 (Stale 404). 
30 After the read of the one sector of main data from the memory 1 1 has been completed, only the write of the next 
sector of main data into the memory 11 is continued (State 405). And when the write is completed and a sector start 
signal is asserted, the processing returns to State 404 and another sector of main data Is read out. scrambled and mod- 
ulated ■■^r'-i-r.'-.'-Tf^lr^-r-V-'^. 

If a next sector of main data is no longer input in State 404. only the read of the current sector of main data from 

35 the memory 1 1 is continued (State 406), When the read of the current sector is completed, the controller 1 5 enters a 
watt state to wait for a next sector of main data (State 407) and matches the read address with the write address so as 
to return to the idle state (State 401). 

In tWs manner, the respective sectors of main data words are sequentially stored in the memory 11 and then these 
sectors of main data words are sequentially read out from the memory 1 1 . Then, these sectors of main data vvords are 

40 sequentiafly scrantbled, modulated and output After sync codes are inserted between acBacent frames of each main 
data word output m this manner and an enw conrecfion code is added to each main data word, the main data word is 
output to a recording section 24 of a recording/reprodudng apparatus shown In Rgure 3. The reoording/ireproducing 
apparatus records the main data word onto a recording medium on a sector basts. 

On the other hand, If the comparator 14 has determined that the variation of the DSV has exceeded a threshold 

45 value (or the DSV has dtverged so ttiat the low frequency components of the main data word output from the 8/1 6 mod- 
ulator 13 have increased) during the scrambling and tiie modulation of one sector of main data (States 404 and 406), 
the controller 1 5 initializes the write address and the read address for the memory 1 1 and outputs a conversion failure 
signal in response to the comparison result (State 408). The conversion failure signal is output to the 8/1 6 modulator 1 3 
and to a drive control section 26 and an error confection code modulation section 22 of the recording/reproducina appa- 

50 ratus shown in Rgure 3. 

TTie conversion failure signal is input to the 8/16 modulator 13 as a reset signal, thereby initializing the 8/16 modu- 
lator 13. Also, in response to the conversion failure signal, the recording/reprodudng apparatus stops'recording tfie sec- 
tor and re-starts recording the sector. Rjrthermore, in response to the conversion failure signal, tfie main data word at 
the beginning of the sector is newly si^splied to a circuit on the first stage (or the error correction code modulation sec- 

55 tion 22 of the recording/reproducing apparatus). 

Then, the controller 1 5 waits for the write into the memory 1 1 to be disabled (State 409). When the write is disabled, 
the processing returns to State 402 via State 401. Next, the controller 15 re-starts reading one sector of main data in 
which the DSV has previously diverged, supplies the main data word to the scrambler 12 and outputs the seed select 
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signal and the seed load signal to the scrambler 12 (State 41 0). In this State 41 0, the controller 15 outputs a seed select 
signal instructing the initial bit pattern of a different pseudo-random number sequence (from the pseudo-random 
number sequence which has caused the divergence of the DSV) to the scrambler 12 such that the one sector of main 
data in question is scrambled by the different pseudo-random number sequence. In response to the seed select signal, 
the scrambler 12 generates a series of random numbers beginning with the different initial bit pattern, sequentially 
scrambles the main data words in accordance with the series of random numbers, and then sequentially outputs the 
scrambled main data words to the 8/1 6 modulator 1 3. As described above, the 8/1 6 modulator 1 3 modulates the scram- 
bled main data words and produces and outputs the output main data words. Furthermore, the 8/16 modulator 13 
obtains a DSV by mearts of the accumulation and then outputs the DSV to the comparator 14. 

Thereafter, the respective States 401 to 41 0 are repeatedly performed, the initial bit patterns of the pseudo-random 
number sequences are repeatedly changed and the same sector of main data is repeatedly scrambled and rTKxiulated 
until the variation of the DSV becomes equal to or smaller than the threshold value. As a result the secJtor of main data 
is converted and recorded by the recording/reproducing apparatus onto the recording medium after establishing a state 
where the variation of the DSV does not exceed the threshold value, i.e., a state where the low frequency components 
of the sector of the main data word output from the 8/16 modulator 13 have been sufficiently reduced. Thus, when a 
signal is reproduced from the recording medium, the low frequency conoponents of tiie reproduced signal are suffl- 
dently small so tfiat a reproduction en-or can be satisfactorily prevented. 

Since a main data value is input on an 8 bit basis in the above<Iescribed 8/16 modulation, the main data value is 
any of "0" to "255". Thus, the same number of 16-bit main data values must be set beforehand so as to correspond to 
these values of "0" to "255". In other words, 256 types of main data modulation patterns must be set beforehand. 

On the other hand, in a 1 6-bit main data word, a DSV tends to converge with respect to a part of bit patterns having 
higher 2 bits of "00" or a part of bit patterns having higher 2 bits of "01 ", whereas a DSV is likely to diverge vwth respect 
to another part of the bit patterns having higher 2 bits of "00" or another part of the bit patterns having higher 2 bits of 
"01 \ There are 168 types of bit patterns which are more Bkely to cause the divergence of the DSV. Thus, 168 types of 
nrodulation patterns out of the 256 types of modulation patterns are more likely to cause the divergence of the DSV. 

Herein, tiie number of words to be output during a predetermined first period L (which is shorter than one sector 
period of main data word) is assumed to be G. the number of all the modulation patterns for the input main data words 
to be M and the number of the modulation patterns which are more likely to cause the divergence of the DSV to be N. 
If tiie number of tiie words including no bit patterns which are more likely to cause the divergence of the DSV is larger 
than Q X (M - NyM , then tiie DSV does not diverge during the first period L For example, the number of the words to 
be output during the frst period L is assumed to be 45. In such a case, 45 x (256 - 168)/256 is larger than 15 arxJ 
smaller than 1 6. Thus, if at least 16 words out of the 45 words do not include any bit pattern which is more likely to cause 
the divergence of the DSV, then it is posstole to suppress the dtvergencreof tii&B^;^uring the first period L to aprnc- 
ticallevel. 

Consider a case where the scrambOng and the nK|duIation are repeatedly performed on the same sector of main 
data twice or more. In such a case, if the initial pseudo-random number sequence is called a "first pseudo-random 
number sequence" and the next pseudo-random number sequence is called a "second pseudo-random number 
sequence", then rt is preferable that the second pseudo-random number sequence is applied to such a number of words 
including no bit patterns which are more likely to cause the drvergence of the DSV as to be larger tiian Q x (M - N)/M . 

Furthermore, if one sector period of main data words is called a "Second period" H, at least the same number of 
different types of second pseudo-random number sequences as H/L » J are preferably set beforehand. Then, even if 
the divergence of the DSV is caused during any first period L subsequent to the current first period L to which aibttrary 
second pseudo-random number sequence is applied, the divergence of the DSV during the first period L in question 
can be sippressed by any second pseudo-random number sequence other than the arbitrary second scramble data. 

That is to say, the second pseudo-random number sequences are set such that, when the respective random num- 
bers to be generated in the words corresponding to the respective first periods L based on the first pseudo-random 
number sequence are conrpared with the respective random numbers to be generated in the words con-esponding to 
the respective first periods L based on the second pseudo-random number sequence, the former random numbers are 
different from the latter random numbers in such a number of times as to be at least larger than G x (M - N)/M . Such 
second pseudo-random number sequences are determined for the respective first periods L. thereby setting at least 
the same number of different types of second pseudo-random number sequences as H/L « J . 

In general, in the first periods L in which the divergence of the DSV has been caused, the divergence has been 
caused in all of the words corresponding to tfie first periods L. Thus, if the random numbers to be generated based on 
the first pseudo-random number sequence are different from tfie random numiDers to be generated based on the sec- 
ond pseudo-random number sequence in such a number of times as to be larger tinan G x (M - N)/M , then these words 
can be sufficientiy scrambled, thereby suppressing the divergence of tiie DSV in these first periods L in which the diver- 
gence of the DSV has been caused. Moreover, even if the DSV has diverged in any otiier first period L, the divergence 
of the DSV in the first period L in question can be suppressed by any other second pseudo-random number sequence. 
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However, it should be noted that the random numbers to be generated based on the first pseudo-random number 
sequence and the random numbers to be generated based on the second pseudo-random number sequence which are 
different from the former random numbers must be able to scramble the bit patterns which are Included in the respective 
words and are likely to cause the divergence of the DSV In mutually different manners, 
5 Such a suppression is realized, for example, by applying the following generating polynomial (2) to the scrambler 

1 2 such that the first pseudo-random number sequence and J types of second pseudo-random number sequences may 
be set. However, it should be noted that the capacities of the seed ROM 111, the shift register 112 and the flip-flop 114 
are required to be increased. 

10 X^VX^^ + X^° + X^ + 1 (2) 



In the code conversion apparatus of the first example, it is determined whether or not the variation of the DSV has 
exceeded the threshold value. Alternatively, it may be determined whether or not the absolute value of the DSV has 
exceeded the threshold value and then the same one sector of main data may be re-scrambled in accordance with the 
IS determination result. 

Figure 3 shows a recording/reproducing apparatus to which the code conversion apparatus shown in Figure 1 has 
been applied. 

In Rgure 3, when data to be recorded is Input to an external communication section 21 . the external communication 
section 21 supplies the input data to an error correction code modulation section 22. The error correction code modu- 
lo lation section 22 once stores the Input data, divides the data into a plurality of sectors, adds an error correction code to 
each sector data and then outputs each sector data with the error correction code added to a modulation section 23. 
The modulation section 23 includes the code conversion apparatus shown in Figure 1 . Thus, the modulation section 23 
scrambles and modulates the input data and error correction code on a sector, basis, produces an output main data 
word, adds a sync code and the like to the main data word and then outputs the main data word to a recording section 
25 24. Tlie recording section 24 converts the one sector of main data, the sync code arxi the like into serial data, produces 
a recording si^^al corresponding to the serial data and then outputs the recording signal to an optical head 25. The opti- 
cal head 25 transforms the recording signal into an optical signal (or laser light) and then Irradiates the laser light onto 
an optical disk 28. 

A drive control section 26 controls the overall operation of the recording/reproducing apparatus. Specifically, the 
30 drive control section 26 instructs a head control section 27 to record one sector of main data, a sync code and the like 
onto the optical disk 28 in synchronization with the processing performed by the modulation section 23 and the record- 
ing section 24. In re^nse to the Instructioa the head control section 27 controls a motor 29 driving the rotating optical 
" disk 28 and controls the actuator of the optical head 25 such that the c^fti^l head 25 traces the desired tracks on the 
optical disk 28. 

35 As a result, one sector of main data, a sync code and the like are recorded onto one sector (or a recording region) 
on the optical disk 28. 

As mentioned above, if the DSV diverges duruig the scrambling and the nuxiulation of one sector of main data, the 
code conversion apparatus shown in Rgure 1 outputs a conversion failure signal. Then, after the code conversion appa- 
ratus has received the same sector of main data again, the code conversion apparatus newly selects another pseudo- 

40 randoni number sequence and then repeats the scrambling and the nxxiulation of the same sector of main data. 

In this reconding/lreprodudng apparatus, the conversion failure signal is input to the enror correction code modula- 
tion section 22 and a drive control €ec6on 26. In response to the conversion failure signal, the error conrection code 
modulation section 22 supplies again the same sector of main data to the modulaton section 23, while the drive control 
sectiOT 26 instructs the head control section 27 to re-start recording the sector of main data, the sync code and the Ito. 

45 In response to this instruction, the head control section 27 controls not only the motor 29 driving the rotating optical disk 
28 txit also the movement of the optical head 25. thereby suspending the write of the sector of main data, the sync code 
and the like onto the recording region on the optical cfisk 28. Thereafter, when the same sector of main data, the sync 
code and the like are input again, the head control section 27 writes the same sector of main data and the Eke onto the 
same recording region on the optical disk 28 again. Thus, In this recording/reproducing apparatus, the write onto tiie 

so same recording region on the optical disk 28 is repeatedly performed until a sector of main data causing the conver- 
gence of the DSV, the sync code thereof, and the like, are finally input and written onto the same recording region on 
the optical disk 28. 

Furthermore, in this recording/ireprodudng apparatus, when the reproduction of data is extemally instructed 
through the external communication section 21 , the drive control section 26 notifies the head cartrol section 27 of the 
55 instruction. In response to the notification, the head control section 27 controls not only the motor 29 driving the rotating 
optical disk 28 but also the movement of tiie optical head 25. Consequentiy, the optical head 25 reads out an optical 
signal representing the main data word, the sync code and tiie like from the optical disk 28 on a sector basis, and then 
outputs a reproduced signal corresponding to tiie optical signal to a reproducing section 31. The reproducing section 
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31 samples and digitizes the reproduced signal, thereby producing serial data. Then, the reproducing section 31 further 
converts the serial data into parallel data and outputs one sector of main data, the sync code thereof and the like to a 
demodulation section 32. The demodulation section 32 denrKxlulates the main data word while detecting the sync code 
thereof. Then, the demodulation section 32 outputs the demodulated main data word to an error correction code 
demodulation section 33. The error correction code demodulation section 33 delects and con-ects the en-or of the main 
data word based on the en-or correction code thereof and tiien outputs the corrected main data word to the outside via 
the external communication section 21 . 



EXAf^PLE 2 



Figure 4 shows a code conversion apparatus in a second example of the present invention. The code conversion 
apparatus of the second example is different from tiie code conversion apparatus of the first examplfe in that a sector 
counter 41 Is additionally provided for the apparatus shown in Rgure 1 and tfiat a scrambler switching section 42 is 
formed in place of the scran^er 12. The scrambler switching section 42 re-starts scrambling and modulation on a sec- 
tor basis when the DSV has diverged, and selectively changes the scrambling metiiod only in a frame which has caused 
the divergence of the DSV. 

When a sector start signal is asserted or when the read of one sector of main data from the memory 1 1 is started, 
the sector counter 41 sequentially counts tiie respective frames of the sector in accordance with a bit clock or a word 
clocK detects the location of the frame currently processed by the scrambler switching section 42 and the 8/1 6 modu- 
lator 1 3 or the location of the cunent frame from the top of the sector, and then notifies the comparator 1 4 and the con- 
troller 1 5 of the frame bcation. 

As shown in Rgure 5, the scrambler switching section 42 includes: a first scrambler 43; a second scrambler 44; an 
AND circuit 45; and a pair of exdusive-OR elements 46 and 47. The first scrambler 43 is configured in substantially the 
same way as the scrambler 101 shown in Rgure 19 and includes a seed ROM 111. a shift register 112, an exdusrve- 
OR element 1 1 3 and a flip-flop 1 1 4 Ot is noted that a part of the exdusive-OR elements 1 1 5 shown in Rgure 1 9 con-e- 
spond to the exdusive-OR element 46). Thus, the first scrambler 43 also outputs the data (or the random numbers) gen- 
erated by the M sequence represented by the generating polynomial (1). Similarly, the second scrambler 44 is also 
configured in substantially the same way as the scrambler 101 shown in Rgure 19 and indudes a seed ROM 111. a 
shift register 1 12, an exclusive-OR element 1 1 3 and a flip-flop 1 14 (it is noted that the other part of the exdusive-OR 
elements 115 correspond to the exdusVe-O R element 47). Thus, the second scrambler 44 also outputs the data (or the 
random numbers) generated by tiie M sequence represented by the generating polynomiai (2). However, ft should be 
noted that in the second scrambler 44, the capadties of the seed ROM 1 1 1 , the shift register 1 12, and the flip^lop 114 
aaafift required to be larger than those of the first scrambler 43. ..^^^^^.^.^ ^ -^,;,^«wasfex 

In general, since a frame signal from the controller 15 is negated and a 0-b'rt signal is irput to the AND drcuit 45. 
the data of the second scrambler 44 is not output to the exdusive-OR element 46. Thus, the exdusive-OR element 47 
detemiines and outputs an exdusive-OR of the output data of the first scrambler 43 and the 8-bit irput main data word. 
In such a case, the scran^ler switching section 42 functions in the same way as the scranti&r 101 shown in Rgure 19. 

However, if the frame signal from the controner 15 is asserted during an arbrtrary frame period of one sector, a 1- 
bit signal is input to the AND drcuit 45. In such a case, the exdusive-OR of the output data of the first scrairtWer 43 and 
the output data of the second scrambler 44 is detained by the exdusiveOR element 46, and the exdusive-OR operation 
is further perfbnned by the exduslve-OR element 47 on the exdusive-OR obtained by the exdusiveOR element 46 and 
the 84)*rt input main data wonl'Thus, the scramMng method differs from the other frames In only this frame. 

The operation of a code conversion apparatus having such a configuration wiO be descnlDed with reference to a 
state transition diagram shown in Rgure 6. 

Rrst, the controller 1 5 is in an idle state (State 501). When a data enable signal is asserted, the memory 1 1 1s set 
in a write enable state (State 502), thereby starting storage of one sector of main data. Whert a sedor start signal is 
asserted, the controller 1 5 starts reading one sector of main data from the menrwry 1 1 and supplies the read main data 
word to the scrambler switching section 42. The controller 15 also supplies a seed seled signal and a seed load signal 
to the scrambler swHching section 42 (State 503). The first and the second scramblers 43 and 44 of the scrarrtjler 
switching section 42 set the respective initial bit patterns of the pseudo-random number sequences in response to tiie 
seed select signal and the seed load signal, thereby outputting tiie respedive data. In this case, since the frame signal 
has been negated, the respective main data words are sequentially scrambled fcased on the output data of the first 
scrambler 43. The scrambled main data words are sequentially output to the 8/1 6 modulator 1 3. The 8/1 6 modulator 1 3 
sequentially modulates tiie scrambled main data words by means of the PPM. tfiereby produdng a main data word (1 6 
bits) from each of the scrambled main data words (8 bits). Then, the 8/16 modulator 13 further modulates the 16-bit 
main data word by means of the P WM. tfiereby produdng a 1 6-bit output main data word from the 1 6-bit main data word 
and outputting tiie 16-bit output main data word. Furthermore, ttie 8/16 modulator 13 obtains a DSV for the respective 
main data words by means of an accumulation and then outputs the DSV to tiie comparator 14. Then, the comparator 
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1 4 determines whether or not the variation of the DSV has exceeded a predetermined threshold value and then outputs 
the determination result to the controller 15. 

While one sector of main data is read out from the memory 1 1 and the scrambling and the modulation of the main 
data word are performed, a next sector of main data is written into and stored in the memory 11 and the frame signal is 

5 still negated (State 504). 

After the read of the one sector of main data from the memory 1 1 has been completed, the read is suspended and 
only the write of the next sector of main data into the memory 1 1 is continued (State 505). And when the write is com- 
pleted and another sector start signal is asserted, the processing returns to State 504 and another sector of main data 
is read out, scrambled and modulated. 

10 If a next sector of main data is no longer input in State 504, only the read of the cun-ent sector of main data from 
the memory 11 is continued (State 506). When the read of the current sector is connpleted. the control-ler 15 enters a 
wait state for waiting for a next sector of main data (State 507). And when the memory 1 1 becomes'empty, the process- 
ing returns to the idle state (State 501). 

In this manner, the respective sectors of main data words are sequentially stored in the memory 1 1 and thus these 

IS sectors of main data words are sequentially read out from the memory 1 1 . Then, these sectors of main data words are 
sequentially scrambled, modulated and output 

On the other hand. If the comparator 14 has determined that the variation of the DSV has exceeded a tiireshold 
value (or the DSV has diverged so that the low frequency components of tiie main data word output from the 8/1 6 mod- 
ulator 13 have increased) during the scrambling and the modulation of one sector of main data (States 504 and 506), 

20 the controller 15 identifies and stores the frame which has caused the divergence of the DSV in accordance with the 
notification supplied from the sector counter 41, Initializes the write address and the read address for the memory 11 
and outputs a conversion failure signal (State 508). The conversion failure signal is output to the 8/16 nrodulator 13 and 
to the drive control section 26 and the en-or con-ection code modulation section 22 of the reconding/ireproducing appa- 
ratus shown in Figure 3. 

25 The conversion failure signal is input to the 8/1 6 modulator 1 3 as a reset signal, thereby initializing the 8/1 6 modu- 
lator 13. Also, in response to the conversion ^ilure signal, the recording/reproducing apparatus stops recording tiie sec- 
tor and re-starts recording the sector. Furthermore, in response to the conversion failure signal, tiie main data word at 
the beginning of tfie sector is newiy supplied to a circuit on the first stage (or tine error correction code modulation sec- 
tion 22 of the recording/reproducing apparatus). 

30 Then, the controller 1 5 waits for the write into the memory 11 to be disabled (State 509). When the write is disabled, 
the processing returns to State 502 via State 501 . When the recording of the one sector of main data in which the DSV 
has diverged is restarted, the controller 1 5 re-starts reading the sector of main data, provides the main data word to the 
su^^i^s'f^ii^^ and the second scramblers 43 and 44 of the scrambler switching section 42 and outputs the seed select sigaabMdh'^^ 
the seed load signal to the first and the second scramblers 43 and 44 (State 510). In this State 510. the controller 15 

3S outputs a seed select signal instructing the inrtial bit pattern of a different pseudo-random number sequence (from the 
pseudo-random number sequence wfich has caused the divergence of the DSV) to the first and the second scramblers 
43 and 44 such that the one sector of main data Is scrambled by the different pseudo-random number sequence. 

If the previous frame which has caused the divergence of the DSV is a top frame, the controller 15 asserts the 
frame signal only during the period of this top frama In response to the frame sisM. the scrambler switching section 

40 42 scrambles the frame bi accordance with the respective output data of the first and the second scramblers 43 and 44 
and then outputs the scrambled frame to the 8/16 nrKXiulator 13 (State 511). Subsequently, the controRer 15 negates 
the frame signal from the next frame on, whOe the scrambler switching section 42 scramt)les the main data words in 
accordance with only the output data of the first saambler 43 and then sequentially outputs the scrambled main data 
words to the 8/16 modulator 13 (State 604). 

45 On the other hand, if the previous frame which has caused the divergence of the DSV is not a top frame, the con- 
troller 15 keeps the frame signal negated, while the scrarrtHer switching section 42 scrambles the main data words in 
accordance with only the output data of the first scraml)ler 43 and then sequentially outputs the scrambled main data 
words to the 8/1 6 modulator 1 3 (State 504). However, when the frame which has caused the divergence of the DSV is 
reached in the meantime, the controller 15 asserts the frame signal only during the period of the frame. In response to 

60 the frame signal, the scrambler switching section 42 scrambles the frame in accordance with the respective output data 
of the first and the second scramblers 43 and 44 and then outputs the scrambled frame to the 8/16 modulator 13 (State 
511). Subsequently, the controller 15 negates the frame agnal from tiie next frame on, whfle the scrambler switching 
section 42 scrambles the main data words in accordance with only tiie output data of the first scrambler 43 (State 504). 
Furthenmore. if the frame which has caused the divergence of the DSV is reached in a state where a next sector of 

65 main data is no longer input (State 504) and only the read of the current sector of main data from the memory 11 is 
continued (State 506). then the controller 1 5 asserts the frame signal only during the period of the frama In response 
to the frame signal, the scrambler switching section 42 scrambles the frame in accordance with the respective output 
data of the first and tiie second sCTan±>lers 43 and 44 (State 512). Subsequently, the controller 15 negates the frame 
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signal from the next frame on, while the scrambler switching section 42 scrambles the main data words in accordance 
with only the output data of the first scrambler 43 (State 506). 

Thereafter, so long as the DSV diverges during the scrambling and the modulation of one sector of main data 
(States 504. 506). the same sector of main data is repeatedly scrambled and modulated via the respective States 508. 
509. 501, 502 and 510. 

In this second example, if the DSV has diverged, not only the pseudo-random number sequence of a sector but 
also the pseudo-random nunnber sequence of the frame which has caused the divergence of the DSV are changed, 
thereby repeatedly performing the scrannbling and the modulation of the same sector of main data. Alternatively, the 
scrambling and the modulation of the same sector of main data may be repeated by changing only the pseudo-random 
number sequence of the frame which has caused the divergence of the DSV 

In addition, assuming the number of words during a predetermined first period L to be G. the number of all the mod- 
ulation patterns for the main data words to be M. and the number of the modulation patterns which are more likely to 
cause the divergence of the DSV to be N, it is preferable that newly selected second pseudo-random number sequence 
Is applied to such a number of words including no bit patterns which are more likely to cause the dvergence of the DSV 
as to be larger than G x (M - N)yM . 

Moreover, if one sector period of main data words is called a "second period" H, at least the same number of dif- 
ferent types of second pseudo-rarxJom number sequences as H/L = J are preferably set beforehand. 

Furthermore, instead of determining whether or not the variation of the DSV has exceeded a threshold value, it may 
be determined whether or not the absolute value of the DSV has exceeded a predetermined threshold value. 

EXAMPLES 

Figure 7 shows a code conversion apparatus in a third example of the present invention. The code conversion 
apparatus of the third exanrple is different from the code conversion apparatus of the first exanple in that an output con- 
trol section 48 for interrupting or passing the output of the 8/16 modulator 13 is additionally provided for tiie apparatus 
shiown in Rgure 1, 

In this example, first, the controller 15 negates an output enable signal to the output control section 48, thereby 
interrupting the output of the 8/16 modulator 13 by the output control section 48. When the data enable signal is 
asserted in this state, the controller 15 sets the memory 11 in a write enable state, thereby inputting and storing one 
sector of main data into the memory 11. Subsequently, when a sector start signal is asserted, the controller 15 starts 
to read one sector of main data from the memory 11 and supplies the read main data word to the scrantsler 12. The 
controller 15 also supplies a seed select signal and a seed load signal to the scrambler 12. The scrambler 12 selects 
any of the initial bit pattems<}f th^respeotnee^eudo-random number sequences infesponse to the seed select signal, 
genera'les a series of random numbers beginning witii the selected initial bit pattern in response to the seed load signal, 
scrambles the respective main data words in accordance wKh the series of random numbers and sequerrtially outputs 
the scramljled main data words to the 8/16 nrodulator 13. Then, the 8/16 modulator 13 nrxxlulates the scrambled main 
data words by means of the PPM, thereby producing 1 6-bit main data words from the 8-bit main data words. Thereafter, 
the 8/1 6 modulator 1 3 further modulates the 1 6-bit main data word by means of the P WM, thereby producing 1 6-bit out- 
put main data words from the 16-bit main data words and outputfing the 16-btt output main data woitis. 

However, in this state, the 16-bit output main data words are intemipted by the output control section 48 and are 
not transmitted to the recording section 24 of the recording/reproducing apparatus. 

Furthermore, the 8/1 6 modulator 13 obtains a DSV for the respective main data words by means of an accumula- 
tion and then outputs the DSV to the comparator 14. Then, the comparator 14 determines whether or not the variation 
of the DSV has exceeded a predetermined threshold value and then outputs the determination result to the controller 
15. 

If it is determined that tiie variation of tfie DSV is equal to or smaller than a predetemiined threshold value, the con- 
troller 15 asserts tiie output enable signal to the output control section 48, thereby enabling the output of the 8/16 tnod- 
ulator 13 to pass tfie output confrol section 48. Furtherrinore, the controller 15 reads the same sector of main data as 
the previous sector from the menx3ry 1 1 , supplies the main data word to the scramt)ler 1 2 and outputs the same seed 
select signal as tiie previous one and the same seed load signal as tiie previous one to the scrambler 12. /^s a result, 
the same scrambled main data word as the previous one is supplied from the scrambler 12 to tfie 8/16 modulator 13, 
and the same output main data word as the previous one is output from the 8/1 6 modulator 1 3. 

The output main data word passes through the output control section 48 so as to be supplied to the recording sec- 
tion 24 of the recording/reproducing apparatus. 

On the other hand, if it is determined that the variation of the DSV has exceeded tiie predetermined threshold 
value, the controller 15 keeps the output enable signal to the output control section 48 negated, thereby interrupting the 
output of the 8/1 6 modulator 1 3 by th e output control section 48. In such a state, the controller 1 5 reads tfie same sector 
of main data as the previous sector from the memory 1 1 , supplies the main data word to the scrambler 1 2 and changes 
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the seed select signal, thereby outputting the newly selected seed select signal, together with the seed load signal, to 
the scrambler 12. The scrambler 12 newly selects another initial bit pattern of a pseudo-random number sequence In 
response to the seed select signal, generates a series of random numbers, scrambles the respective main data words 
in accordance with the series of random numbers and sequentially outputs the scrambled main data words to the 8/16 
modulator 13. Then, the 8/16 modulator 13 modulates the scrambled main data words, thereby outputting the 16-bit 
output main data words. The 1 6-bit output main data words are intemjpted by the output control section 48 and are not 
transmitted to the recording section 24 of the recording/reproducing apparatus. 

Furthemiore. the 8/1 6 modulator 1 3 obtains a DSV for the respective main data words by means of an accumula- 
tion and then outputs the DSV to the comparator 14. Then, the comparator 14 determines whether or. not the variation 
of the DSV has exceeded a predetermined threshold value and then outputs the determination result to the controller 
15. 

Once the variation of the DSV has exceeded the predetermined threshold value, while the output enable signal to 
the output control section 48 is kept negated, the same sector of main data as the previous sector is read again from 
the memory 11. a different pseudo-random number sequence is newly selected, and the respective main data words 
are saambled and modulated, thereby obtaining a DSV. Thereafter, the pseudo-random nunrtDer sequences are repeat- 
edly changed and the scrambling and the modulation are repeatedly performed until the DSV becomes equal to or 
smaller than the threshold value. 

When the variation of the DSV becomes equal to or smaller than the threshold value as a result of the repetitive 
processing, the output enable signal to the output control section 48 is asserted, the same sector of main data as the 
previous sector is read again from the memory 11, the main data word is re-scrambled by the same pseudo*random 
nurrtDer sequence as tfiat used for the previous processing, the main data word is modulated and the output main data 
word is output through the output control section 48. 

Thus, so long as the variation of the DSV fe over tiie threshold value, the output of the 8/16 modulator 13 is inter- 
rupted by the output control section 48 and the pseudo-random number sequences are repeatedly changed and the 
scrambling and the modulation are repeatedly performed. On the other hand, when the variation of the DSV becomes 
equal to or smaller than a predetermined threshold value, the intenxiption of the output of the 8/1 6 modulator 1 3 by the 
output control section 48 ceases, the pseudo-random number sequence is set to be the same as the pseudo-random 
nurnber sequence used during the previous processing, and then scramfcrfing and nrwdulation are performed, tiiereby 
again producing the output main data word in which the variation of the DSV has become equal to or smaller than the 
threshold value and outputting the output main data word via the output control section 48. In this case, since only the 
output main data word in which the variation of the DSV has become equal to or smaller than the threshold value is out- 
put on a sector basis, the recording/reproducing apparatus has orily to write the output main data word once onto the 
recording region on the optical diskfiS^and need not repeatedly write the data word onto the same recorcOng region on 
the optical disk 28. 

In this th'rd exanple. it is also preferable that newly selected second pseudo-random number sequence is applied 
to such a number of words nicludffig no bit patterns which are more likely to cause the divergence of the DSV as to be 
largerthan G x (M - N)/M . 

Moreover, at least the same number of different types of second pseudo-random number sequences as H/L = J 
are preferably set beforehand. 

Fufthenmore, instead of determining whether or not the variation of the DSV has exceeded a threshold value, it may 
be determined whether or not the absolute value of the DSV has exceeded a predetermined threshold valua 

EXAMPLE4 

Next, an optical disk inrplemented as an exemplary recording medium of the present invention will be described as 
a fourth exanple of the present invention with reference to Rgures 8 to 1 1 . 

Rgure 8 shows an exemplary format of a data unit of the optical disk in the fotnih example of the present invention. 
Rgure 9 shows an exemplary sector fonmat of the optical disk. Rgure 10 shows an exemplary sync frame format of the 
optical disk. The data unit shown in Rgure 8 is Included in the sync frame format shown in Rgure 1 0, and the sync frame 
format shown in Rgure 1 0 is included in the sector format shown in Rgure 9. Rgure 1 1 schematically shows an optical 
disk including sectors having the sector format shown in Rgure 9 thereon. 

On an optical disk, various types of main data such as video data, audio data and computer data are divided into 
and recorded/reproduced onto/from the respective sectors. As shown in Rgure 11. a single sector on the optical disk 
includes a HEADER section, a MIRROR section 91 and a RECORDING section 92. A plurality of such sectors are alter- 
nately formed on ttie optical disk. 

/Vs shown in Figure 9. a single sector generally includes a HEADER section, a MIRROR section and a RECORD- 
ING section, and is composed of 2697 bytes in total. The HE/VDER section and the MIRROR section are defined 
beforehand on tiie optical disk It is the RECORDING section onto/from which data is actually recorded/reproduced. 
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The RECORDING section includes a GAP section, a GUARD section, a VFO section, a PS section, a DATA section, a 
PA section and a BUFFER section and occupies 2567 bytes in total. Among these sections, the DATA section occupies 
2418 bytes, corresponds to the sync frame format shown In Rgure 1 0 arxi is composed of 26 sync frames (93 bytes per 
frame). 

5 As shown in Rgure 8, a data unit is composed of 2064 bytes (172 bytes x 12) in total and consists of a DATA ID 

section (4 bytes), an lED section (2 bytes), an SCL section (6 bytes), a MAIN DATA section (2048 bytes) and an EDC 
section (4 bytes). In the DATA ID section, data representing a trading type (i.e.. either a groove track or a land track), 
data representing either a read area or a read out area, a sector address or the like is recorded. In the lED section, a 
code used for detecting an error in the DATA IN section is recorded. In the SCL section, scramble data is recorded. In 

10 the EDC section, a code used for detecting an enror in the remaining sections (2060 bytes) other than the EDC section 
is recorded. 

The scramble data recorded in the SCL section and the sector address recorded in the DATA ID* section indicate 
one of the initial bit patterns of a plurality of predetermined pseudo-random number sequences. The scramble process- 
ing is performed on main data by performing a logical operation (e.g., an exclusive-OR operation) on a series of random 

IS numbers beginning with the initial bit pattem and the main data to be recorded onto the optical disk. 

The data unit shown in Rgure 8 can be obtained by recording ihe scrambled main data onto the MAIN DATA section 
and adding the scramble data and the like thereto. When an error correction code is added to the data unit then the 
total byte number becomes 2366 bytes. After these bytes are digitally modulated, a sync code represented t>y a syn- 
chronizing signal (2 bytes) is inserted into these bytes on a 91 -byte basis, thereby forming the 26 sync frames shown 

20 In Rgure 10. Each of the synchronizing signals SYO, SY1. ... SY7 is a combination of "0" bits and "1" bits, and has a 
unique pattern. 

As a result, the total byte number becomes 2418 bytes corresponding to the DATA section included in the sector 
format shown In Rgure 9. 

In this example, the pseudo-random number sequence is selected based on not only the scramble data but also a 
25 sector address. The reason is as follows. If the sector address is neglected, then a plurality of signals having high inter- 
relation which have been scrambled by the same pseudo-random number sequence may be recorded onto adjacent 
tracks on the optical disk 28. In such a case, the tracking performance or the Gke becomes disadvantageously unstable. 
Thus, in this example, sector addresses are taken into consideration to ensure that mutually different pseudo-random 
number sequences are selected for adjacent tracks. 
30 All of the six bits of the scramble data recorded in the SCL section are ordinarily set to be "0", for example. However, 
if the tow frequency components of the signal to be recorded have increased abnormally (i e., if the DSV has diverged), 
an artDitrary number of bits of the six bits are set to be bits other than "0", tf all of the six bits of the scramble data are 
set to be "O", the scramming is not performed. On: the etiier-hand.-il-afv^aFbilf^Ei^^umber of bits of the ^ bits of the 
scramble data are set to be bits other than 'X)", the scrambling is performed. 
35 It is noted that data assodated with the times that a rewrite operation has been performed may be set as the scram- 
ble data when the data is rewritten. AHematively. data ot>tained based on the random numbers or data obtained by com- 
bining these types of data nrey also be set as ^e scramble data. 

EXAMPLES 

Rgure 12 shows an exemplary code recording apparatus as a fifth example of the present inventioa The oode 
recording apparatus records main data onto the c^cal disk shown in Rgure 11. 

The main data such as digrtized audio data, video data and computer data is irput through an input interface (l/F) 
51 . The input main data is supplied to a logical operation circuit 50. Not only the main data but also the random numbers 
45 supplied from a pseudo-random number generator 52 are input to the logical operation circuit 50. The logical operation 
ctrctit 50 performs a logical operation (e.g.. an exclusive-OR operation) on these random numbers and the main data, 
thereby performing the scrambGng processing on the main data. 

The pseudo-random number generator 52 generates pseudo-random number sequences in accordance with a 
primitive polynomial. For example, the fifteentii-order polynomial X"*^ + + 1 (the above-described generating polyno- 
60 mial (1)) or the thirty-first-order polynomial X^^ 4- X^ + 1 in the maximum length sequence is used as the primitive pol- 
ynomial. For example, in the case of generating pseudo-random numbers Ijased on the fifteenth-order polynomial X^^ 
+ X* + 1 , the pseudo-random number generator 52 includes fifteen registers RE and a single exdusive-OR element EX 
as shown in Rgure 13. The initial bit patterns R14. R13, ... RO are set for the respective registers RE, the bits in these 
registers are sequentially shifted as indicated by the arrows and the bit values of these registers RE are sequentially 
55 changed, thereby generating a series of random numbers beginning with the initial bit pattern. 

Thus, the initial bit patterns must be provided for the pseudo-rarKlom number generator 52. The initial bit patterns 
of the pluralrty of pseudo-random number sequences are stored in an initial value data generator 53. Every time one 
sector of main data is input, the initial value data generator 53 is instructed by a system controller 54 to select any of 
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the initial bit patterns of the respective pseudo-random number sequences and provide the selected initial bit pattern 
for the pseudo-random number generator 52, 

Conventionally, a data table on which 16 types of values (or bit strings) and 16 types of initial bit patterns (or initial 
values) of the pseudo-random nunober sequences such as those shown in Rgure 14 are written is stored beforehand 
5 in the initial value data generator 53, and an address representing a particular sector (recording region) on an optical 
disk is supplied from the system controller 54 to the initial value data generator 53. In response to the address, the initial 
value data generator 53 extracts a particular set of 4 bits from the address of the sector, selects an initial bit pattern cor- 
responding to the 4-bit vadue from the data table and then supplies the initial bit pattern to the pseudo-random number 
generator 52. 

TO However, whenever data Is recorded onto the same sector (recording region) on the optical disk, the initial bit pat- 
tern of the same pseudo-random number sequence is selected. In such a case, if the same main data is repeatedly writ- 
ten onto the same sector, the characteristics of the recording medium t>ecome adversely non-unifopm on the sector so 
that the S/N ratio of a reproduced signal is decreased. 

Thus, in this fifth exanrple of the present invention, the initial bit pattern of a pseudo-random number sequence is 

IS selected in view of not only the sector address but also other data. In this case, such other data includes data repre- 
senting how many times the same sector has been rewritten (hereinafter, such data will be referred to as "rewrite rep- 
etition times data"). In this example, as shown in Figure 1 5, a data table on which 1 6 types of Initial bit patterns (or initial 
values) of the 16 pseudo-random number sequences corresponding to the 16 types of values {or bit strings) are set for 
each of the sixteen types of rewrite repetition times data. Instead of the data table shown in Rgure 14, is stored in the 

20 initial value data generator 53. Arbitrary rewrite repetition times data is selected from the data table shown in Rgure 1 5 
and the initial bit pattern of the pseudo-random number sequence conresporKlIng to the sector address may be selected 
with reference to tiie initial bit patterns on the column of the selected rewrite repetition times data. 

Alternatively, by making a random nurriber generator generate random numbers in place of tiie rewrite repetition 
times data, any of a plurality of data tables may be selected in accordance witii the random numbers. Furthermore, if 

25 rewrite repetition times data or a rewrite time stamp is supplied to the random nunt>er generator as an initial value gen- 
erated by the pseudo-random nuntoer generator, tiie random numbers may be combined witti the rewrite repetition 
times data or the rewrite time stamp. 

' The rewrite repetition times data or the rewrite time stamp is detemnlned by tiie system controller 54 and then sup- 
plied to tiie Initial value data generator 53. 

30 The main data which has been scrambled in tiiis manner is input as the MAIN DATA section shown in Figure 8 to a 
first multiplexer 56. On the other hand, a first additional signal generator 55 receives not only the initial bit pattern of a 
pseudo-random number sequence as the scramble data from the initial value data generator 53 but also a sector 
address, a code for detecting an enror and the lik^ fron^ti^e^eystecn^ 54, and supplies. these data as tiie DATA 

ID section, the lED section, the SCL section and the EDC section shown in Rgure 8 to the first multiplexer 56. The first 

35 multiplexer 56 receives and arranges the respective sections and forms and outputs the data unit shown in Rgure 8. 
The data unit is ir^ to an error connection code generator 57. An enor correction code is obtained by the error correc- 
tion code generator 57 and then added to the data unit. 

A digital modulator (&g., an 8/1 6 modulattx) 58 digitally nvxiulates the input data unit and error correction code and 
then outputs these data to a second multiplexer 61 . On the other hand, a second additional signal generator 59 receives 

40 necessary c^ta from the system controller 54, produces the synchronising signals (sync codes) for the VFO section, 
the PS section, the PA section and the DATA section shown in Rgure 9 and then outputs these signals to the second 
mdtiplexer 61. The secorxi multiplexer 61 receives and ananges the respective sections and forms and outputs one 
sector of data shown in Rgure 9. 

The sector of data Is Input to and modulated by a semiconductor laser modulator 62. The modulated output of tiie 

45 semiconductor laser modulator 62 is applied to an optical head 63. thereby conti'olling the laser light emitted from a 
semiconductor laser device provided biside the optical head 63. The laser light is irradiated onto the optical disk 64 so 
that one sector of data Is recorded onto tiie optical disk 64. 

EXAMPLE 6 

60 

Figure 16 shows anotiier exemplary code recording apparatus as a sbdh example of the present invention. The 
code recording apparatus of the sbctii example is different from tiie code reproducing apparatus of the frfth example in 
that a DSV arithmetic drcuit 70 is additfonally provided for the apparatus shown in Rgure 12. 

In Rgure 1 6, the components having the same functions as those of the counterparts shown in Rgure 1 2 are iden- 
ss tKied by the same reference numerals. 

In the apparatus shown in Rgure 16, main data is input through an Input Interface (l/F) 51. The logical operation 
circuit 50 scrambles the input main data by using the rarKlom numbers supplied from the pseudo-random number gen- 
erator 52. and then outputs tiie scrambled main data as the MAIN DATA section shown in Figure 8 to the first multiplexer 
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56. The first additional signal generator 55 supplies the DATA ID section, the lED section, the SCL section and the EDC 
section shown in Figure 8 to the first multiplexer 56. The first multiplexer 56 receives and arranges the respective sec- 
tions and forms and outputs a data unit shown in Figure 8. The data unit is input to an error con-ection code generator 

57. An enror correction code is obtained by the error correction code generator 57 and then added to the data unit The 
5 digital modulator (e.g.. an 8/16 modulator) 58 digitally modulates an input data unit and error correction code and then 

outputs these data. 

The operation of the apparatus shown in Figure 16 is the same as that of the apparatus shown in Rgure 12 up to 
this point in time. Thus, the initial bit pattern of a pseudo-random number sequence used for scrambling is set based on 
not only a sector address but also rewrite repetition times data, a rewrite time stamp or random numbers. 

10 Next, a DSV arithmetic circuit 70 calculates a DSV for the output data of the digital modulator 58 and then supplies 
the DSV to the system controller 54. The system controller 54 determines whether or not the absolute value of the DSV 
is larger than a predetermined threshold value, for example. 

On the other hand, the second additional signal generator 59 supplies the synchronizing signals (sync codes) for 
the VFO section, the PS section, the PA section and the DATA section shown in Figure 9 to the second multiplexer 61. 

IS The second multiplexer 61 receives and an-anges the respective sections and forms and outputs one sector of data as 
shown in Figure 9. 

The sector of data is input to and modulated by the semiconductor laser modulator 62. The modulated output of the 
semiconductor laser modulator 62 is applied to the optical head 63. thereby controlling the laser light emitted from the 
semiconductor laser device provided inside the optical head 63. As a result, one sector of data is recorded onto the opti- 
20 caldisk64. 

In this example, if the absolute value of the DSV is larger than the threshold value, then recording unprocessed out- 
put data of the digital modulator 58 onto the optical disk 64 may cause an inconvenience during the reproduction of the 
data from the optical disk 64. Thus, the system controller 54 instructs the semiconductor laser modulator 62 to restart 
recording tiie same sector. 

2S In addition, the system controller 54 also instructs the Initial value data generator 53 to newly select another initial 
bit pattern of a pseudo-random number sequence and furtiier instructs the pseudo-random number generator 52 to re- 
start scrambling. Moreover, the system controller 54 instructs the input l/F 51. the error conrectlon code generator 57, 
the digital modulator 58, the rotation driver (not shown) of the optical disk 64 or the actuator (not shown) of the optical 
head 63 to re-start processing. 

30 As a result, the same sector of main data is rescrambled and modulated and the DSV of tiie output data of the dig- 
ital modulator 58 is calculated agaia Thereafter, scrambling, modulation and recording of the same sector of main data 
are repeatedly performed until tiie DSV becomes equaJ to or lower than the threshold value. After the data assodated 
-jff^ with the DSV equal to or lower than tiie threshofcl value has been recorded onto the optical disk^ the^pro^sgfng pro- 
ceeds to the next sector. 

55 It is noted tiiat tfie same sector of main data may be repeatedly suppliiad from a circuit on tiie preceding stage so 
as to be repeatedly processed. Alternatively, the same sector of main data may be once stored in the input l/F 51 and 
repeatedly supplied from the input l/F 51 so as to t>e repeatedly processed. 

Furtfiermore, Instead of repeatedly recording the same sector of main data, the output data of the digital modulator 
58 be stored once in a buffer. In such a case, H the DSV has exceeded the threshold value, the data stored in tie 
40 buffer may be supplied to the semiconductor laser modulator 62. On the otiier hand, if the DSV is equal to or smaller 
than the threshold value, the data stored in ttie buffer may be discaided. 

Moreover, though a semiconductor laser device is exempRffied in the embodiments of the code reproducing appa- 
ratus shown in Rgures 1 2 and 1 6. the present invention is also applicable to a gas laser device. 

45 EXAMPLE? 

Rgure 17 shows an exemplary code reproducing apparatus as a seventh example of the present inventioa The 
code reproducing apparatus reproduces tfie main data recorded onto tiie optical disk shown in Rgure 11 by the code 
recording apparatus shown in Rgure 1 2 or Rgure 1 6. 

60 In Rgure 1 7. when laser light is in^diated onto an optical disk 71 , tfie light is modulated and reflected by ttie optical 
disk 71 so as to be incident as an optical signal having variable intensity onto light-receiving elements of an optical head 
72. The light-receiving elements of the optical head 72 photoelectricaliy converts the optical signal having variable 
intensity and then outputs an electrical signal representing tiie variation of ttie intensity of tfie optical signal to a head 
anplif ier 73. The head amplifier 73 amplifies the weak electrical signal and then outputs the signal to a digitizer 74. The 

55 digitizer 74 converts the output of the head ampWier 73 into a digital signal representing "0" and "1" and ttien outputs 
the digital signal to a reproduced signal processor 75. The reproduced signal processor 75 removes tiie synchronizing 
signals and the like in the HEADER section, tfie MIRROR section, tiie GAP section, tfie GUARD section, the VFO sec- 
tion, ttie PS section, ttie PA section, the BUFFER section and tfie DATA section from tfie digital signal (shown in Figure 
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9) and then outputs the resutting data to a digital demodulator 76. The digital demodulator 76 digitally demodulates the 
Input data and then outputs the demodulated data to an error corrector 77. 

The en-or corrector 77 corrects the error of the data in accordance with the error correction code included in the 
data, and then outputs the corrected data to an error detector 79. On the other harxi, if the enror of the data cannot be 
corrected, then the data is not output to the en^or detector 79 and the error corrector 77 notifies the system controller 
80 of the failure in the error correction. In response to the notification, a system controller 80 instructs a rotation driver 
(not shown) of the optical disk 71 or an actuator (not shown) of the optical head 72 to re-start processing. As a result, 
the same sector data is read again from the optical disk 71 , input again to the error corrector 77 and then corrected by 
the error corrector 77. 

The en-or detector 79 detects the enror of the corrected data (shown in Figure 8) in accordance with the lED section 
and the EDC section included in the data. Though the possiblity of such an error in error correction is low. the error of 
the en-or corrector 77 can be detected by the error detector 79 with certainty. If the error has been detected, then the 
error detector 79 notifies the system controller 80 of the error detection. In response to the notification, the system con- 
troller 80 re-starts processing as mentioned above. As a result, the same data is read again from the same sector on 
the optical disk 71 , input again to the error detector 79. in which the error of the en-or correction is detected. 

If the enror detector 79 has not detected any error from the data, then the error detector 79 outputs the data to a 
data divider 81. The data divider 81 divides the data into the DATA ID section, the lED section, the SCL section, the 
MAIN DATA section and the EDC section, outputs the SCL section to an initial value data generator 82 arxi the main 
data included in the MAIN DATA section to a logical operation circuit 83. 

The same data tables as those stored In the initial value data generator 53 shown in Rgure 12 are stored in the 
initial value data generator 82. When the SCL section is input from the data divider 81 to the initial value data generator 
82. the initial value data generator 82 selects any of the initial bit patterns of the pseudo-random number sequences in 
accordance with the scramble data included in the SCL section and then outputs the selected initial bit pattern of the 
pseudo-rarKiom number sequence to a pseudo-fandom number generator 84, in the same nnanner as the initial value 
data generator 53 shown in Rgure 12. When the InHial bit pattern of the pseudo-random nunUser sequence is input to 
the pseudo-random nunnber generator 84, the pseudo-random number generator 84 generates the same random num- 
bers as those generated by the pseudo-random number generator 52 when the main data included in the MAIN DATA 
section is scrannbled by the code recording apparatus shown in Figure 12. and then outputs these random numbers to 
the logical operation drcuit 83. 

The logical operation circuit 83 performs a logical operation on the main data supplied from the data divider 81 and 
the random numbers supplied from the pseudo-random number generator 84, thereby de-scrambling the main data and 
outputting the de-scrambled main data as reproduced data to the outside through an output l/F 85. 

In this way. the data which has been scrambled during recording is de-scrarnbled during reproduction, so as to be 
restored into original data. 

As is apparent from the foregoing descr^on. in the code conversion method arxi apparatus of the present inven- 
tion, if the variation of a calculated value representing a difference between the number of "0** bhs and the nurrber of 
"1" bits in the output mahi data word (i-e., the variation of a DSV) has exceeded a threshold value, another scramble 
data is newly selected and the Input main data word is scrambled agaia The scramble data is repeatedly changed and 
the scrambling is reputedly performed until the DSV becomes equal to or smaller than the threshold valua As a result, 
the tnaease of the DSV can be prevented and the low frequency components of the output main data word can be 
reduced. 

Thus, when such an output main data word is recorded onto a recording medium and a signal is reproduced from 
the recording medium, it is poss^e to reduce the low frequency conrponents of the reproduced signal and to prevent a 
reproduction error satisfactorily. 

In additioa since the DSV can be Included within a tolerance range with respect to any input main data word having 
any pattern, the reproduction error can be satisfactorily prevented. 

Furthermore, in the code recording medium and the code recording/reproducing apparatus of the present inven- 
tion, since scramble data and scrambled main data are recorded on a sector basts, the scramble data and the scram- 
bled main data can be read from an arbitrary sector and the scrant^led main data can be restored into original data in 
accordance witii the scramble data. Thus, any arbibary scrambling method may be selected with respect to particular 
main data and an abnormal variation of the low frequency conponents of a reproduced signal can be effectively sup- 
pressed. As a result, the reproduced signal can be digitized witfi high precision and the possibility of the generation of 
a reproduction error can be considerably reduced. Moreover, the scramble data is changed in accordance with how 
many times the data has been rewritten on the same sector on an optical disk. Thus, even if the same main data is 
repeatedly written onto the same sector, the characteristics of the recording medium can be kept urtiform on the sector, 
the decrease of the S/N ratio of a reproduced signal can be suppressed and the reliability of repeatedly perfonmed 
recording/reprodudng operations can be improved. 

Various other modifications will be apparent to arxJ can be readily made by tiiose skilled in the art without departing 
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from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended hereto 
be limited to the description as set forth herein, but rather that the claims be broadly construed. 

Claims 

1. A code conversion method comprising the steps of: 

scrambling an input main data unit based on any of plural types of pseudo-random number sequences: 
modulating the scrambled main data unit based on any of plural types of modulation data; 
producing an output main data unit from the modulated main data unit; 

obtaining a calculated value representing a difference between a number of 0 bits and a number of 1 bits 
included in the output main data unit; and 

selecting any of the modulation data dependent upon the calculated value, 
wherein the code conversion method further includes the steps of: 

determining whether or not a variation of the calculated value has exceeded a predetermined threshold 
value; 

newly selecting another pseudo-random number sequence used for the step of scrambling if it Is deter- 
mined that the variation of the calculated value has exceeded the predetermined threshold value; and 
re-scrambling the input main data unit based on the newly selected pseudo-random number sequence. 

2. A code conversion method according to claim 1 , wherein the step of modulating the scrambled main data unit is 
performed by a first modulation having M types of modulation data, 

and wherein the step of producing the output main data unit is performed by a second modulation, N types 
of modulation data out of the M types of nrKxIulation data causing an increase of the calculated value. 

3. A code conversion method according to claim 2. wherein, in the step of nxxiulating, the first modulation is a pit posi- 
tion modulation having M types of modulation data, 

and wherein, in the step of producing, the second modulation is a pulse width modulation, 
and wherein N types of modulation data out of the M types of modulation data causing an increase of the 
calculated value. 

4. A code conversion method«0eonding to dalm 2, whereia in tiie step of determining, if tfie variation of the calcu- 
lated value becomes equal to or larger than the threshold value K during a first period L. an output main data unit 
having a bit pattern which has caused the increase of the calculated value is included in a plurality of main data 
units to be output during the first period L. 

and wherein if the pseudo-random number sequence applied to the main data unit which has caused the 
increase of ttie calculated value is called afirst pseudo-random number sequence, the firet pseudo-iandom number 
sequence changed Into any of a plurality of predetermined second pseudo-random niffnber sequences, 

and wherein the plurafity of second pseudo-random number sequences are pseudo-random number 
sequences making it possible to obtain a plurality of main data units not having the bit pattem as the main data units 
to be produced by the step of re-scrambling and to be output during the first period L at a ratio equal to or laraer 
than(M-N)/M. a 

5. A code conversion method according to claim 4, wherein if a period during which a series of output main data units 
are produced by the step of scrambOng using the first pseudo-random number sequence is called a second period 

the number of tfie plurality of second pseudo-random number sequences is at least equal to H/L = J . 

6. A code conversion method according to claim 1, wherein, in the step of determining, if the variation of the calcu- 
lated value has exceeded the threshold value, a part of the main data units which have been previously Input before 
the point in time and have a predetermined length is re-scrambled after another pseudo-random number sequence 
is newly selected for the part 

7- A code conversion method according to daim 1, further conprising the steps of: 

obtaining a calculated value of an output main data unit corresponding to tiie input main data unit having a pre- 
determined lengtfi; 
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newly selecting another pseudo-random number sequence and re-scrambling the input main data unit if the 
variation of the calculated value has exceeded the threshold value; and 

obtaining a pseudo-random number sequence causing the variation of the calculated value to be equal to or 
smaller than the threshold value. 

8. A code conversion method comprising the steps of: 

scrambling an input main data unit based on any of plural types of pseudo-random nunnber sequences; 
modulating the scrambled main data unit based on any of plural types of modulation data; 
producing an output main data unit from the modulated main data unit; 

obtaining a calculated value representing a difference between a number of 0 bits and a number of 1 bits 
included in the output main data unit; and 

selecting any of the nrxxlulation data dependent upon the calculated value, 
wherein the code conversion method further includes the steps of: 

determining whether or not an absolute value of the calculated value has exceeded a predetermined 
threshold value; 

newly selecting another pseudo-random number sequence used for the step of scrambling if it is deter- 
mined that the absolute value of the calculated value has exceeded the predetermined threshold value; 
and 

re-scrambling the input main data unit based on the newly selected pseudo-random number sequence. 

9. A code conversion method according to claim 8, wherein the step of modulating the scrambled main data unit is 
performed by a first modulation having M types of modulation data. 

and wherein the step of producing the output main data unit is performed by a second modulation, 
and wherein N types of modulation data out of the M types of modulation data causing an increase of the 
calculated value 

1 0. A code conversion method according to daim 9. wherein, in the step of modulating, the first modulation is a pit posi- 
tion nrxxlulation having M types of modulation data, 

and wherein, in the step of producing, the second modulation Is a pulse width modulation, 
and wherein N types of modulation data out of tiie M types of modulation data causing tiie increase of the 
^ calculated valuft^- . . .... ..... 

11. A code conversion method according to daim 9. wherein, in the step of determining, if the absolute value of the 
calculated value becomes equal to or larger than the threshold value K during a first period L, an output main data 
unit having a bit pattern which has caused the increase of the calculated value Is induded In a plurality of main data 
units to be output during the first period L, 

and wherein If the pseudo-random number sequence applied to the main data unit which has caused the 
increase of tfie calculated value Is called af Irst pseudo-random nuni^er sequence, the first pseudo-random number 
sequence Is changed Into any of a plurality of predetermined second pseudo-random nuniber sequences, 

and wherein the plurality of secorxj pseudo-random rKimber sequences are pseudo-random number 
sequences making It possifcrfe to obtain a plurality of main data urits not having the bit pattern as the main data units 
to be produced by the step of re-scrambling and to be output during the first period L at a ratio equal to or larger 
than(M-N)/M. 

1 2. A code conversion method according to claim 1 1 . wherein if a period during which a series of output main data units 
are produced by the step of scrambling using the first pseudo-random number sequence is called a second period 
H, 

the number of the plurafity of second pseudo-random number sequences is at least equal to H/L = J . 

13. A code conversion method according to claim 8. wherein, when the absolute value of the calculated value exceeds 
the threshold value, a part of tiie main data units which have been previously input before the point in time and have 
a predetermined length is re-scranobled after another pseudo-random number sequence is newly selected for tiie 
part 

14. A code conversion method according to daim 8. further comprising the steps of: 
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obtaining a calculated value of an output main data unit corresponding to the input main data unit having a pre- 
determined length; 

newly selecting another pseudo-random number sequence and re-scrambling the input main data unit if the 
absolute value of the calculated value has exceeded the threshold value; and 

obtaining a pseudo-random number sequence causing the absolute value of the calculated value to be equal 
to or smaller than the threshold value. 

15. A code conversion apparatus comprising: 

storage means for storing an input main data unit; 

scrambling means for scrambling the main data unit stored in the storage means based on any of plural types 
of pseudo-random number sequences; 

modulation means for modulating the scrambled main data unit based on any of plural types of modulation data 
and producing an output main data unit from the modulated main data unit; 

arithmetic means for obtaining a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits included in the output main data unit which has been produced by the modulation means; 
comparison means for determining whether or not the calculated value obtained by the aritiimetic means is 
within a predetermined tolerance range; and 

control means for instructing the scrambling means to newly select another pseudo-random number sequence 
and to re-saamble tiie main data units stored in the storage means if the conparison means determines that 
the calculated value is out of the tolerance range. 

16. A code conversion apparatus according to claim 15. furtiier comprising recording means for recording output data 
of the modulation means, 

wherein the control means outputs a conversion failure signal if tine comparison means has determined that 
the calculated value is out of the tolerance range, 

and wherein tiie recording means re-starts recording the output data of tiie modulation means, In response 
to the conversion failure signal . 

17. A code conversion apparatus comprising: 

storpge means for storing an Input main data unit; 

scrambling means for scrambling the maiadata unit stored^n^e storage rrxean^ based on any of plural types 
of pseudo-random number sequences; 

detection means for detecting a location of the main data unit which has been read out from the storage 
means; 

modulation means for modulating the scrambled main data unit based on any of plural types of nrxxiulation data 
and producing an output main data unit from the modulated main data unit; 

arithmetic means for obtaining a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits included In the output main data unit; 

comparison means for determining whether or not tiie calculated value obtained by the aritiimetic means is 
within a predetermined tolerance range; and 

control means for instructing the scrambling means to newly select another pseudo-random number sequence 
and tiien to re-scrani)le a part of the main data units located prior to the location of the main data unit which 
has been detected by the detection means at a point in time when the comparison means has determined that 
the calculated value is out of the tolerarKe range. 

18. A code conversion apparatus according to daim 17, further comprising recording means for recording the output 
main data unit, 

wherein the control means outputs a conversion failure signal if tiie comparison means has determined that 
the calculated value is out of the tolerance range, 

and wherein the recording means re-starts recording the output main data unit in response to tiie conver- 
sion failure signal. 

19. A code conversion apparatus conprising: 

storage means for storing an input main data unit; 

scrambling means for scrambling tiie main data uhit stored in tiie storage means based on any of plural tyfjes 
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of pseudo-random number sequences; 

detection means for detecting a location of each frame of the main data unit stored in the storage means, every 
time each said frame is sequentially read out from the storage means; 

modulation means for modulating the scrambled main data unit based on any of plural types of modulation data 
and producing an output main data unit from the modulated main data unit; 

arithmetic means for obtaining a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits included in the output main data unit; 

comparison means for determining whether or not the calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 

control means for instructing the scrambling means to newly select another pseudo-random number sequence 
and then to re-scramble a plurality of frames located prior to the frame, the location of which has been detected 
by the detection means, at a point In time when the comparison means has determined that the calculated 
value is out of the tolerance range. 

20. A code conversion apparatus according to claim 19, further comprising recording means for recording the output 
data of the modulation means, 

wherein tiie control means outputs a conversion failure signal if the comparison means has determined that 
the calculated value is out of the tolerance range. 

and wherein the recording means re-starts recording the output data of the modulation means, in response 
to the conversion failure signal. 

21 . A code conversion apparatus comprising: 

storage means for storing at least one sector of input main data units; 

scrambling means for scrambling the at least one sector of main data units stored In the storage means based 
on any of plural types of pseudo-random number sequences; 

modulation mear^ for modulating the scrambled main data units based on any of plural types of modulation 
data and producing output main data units from the modulated main data units; 

arithmetic means for obtaining a calculated value representing a difference between a number of 0 bits and a 
number of 1 bits included in each of the output main data units; 

comparison means for determining whether or not the calculated value obtained by the arithmetic means is 
within a predetermined tolerance range; and 

control means for Instructing the scran^ing^means to newly select another pseudo-random nun^er sequence 
and then to re-scramble the at least one sector of main data units stored in the storage means If the compari- 
son means has determined that the calculated value is out of the tolerance range. 

22. A code conversion apparatus according to daim 21. further comprising recorcfing means for recording the output 
main data emits, 

wherein the control mear© outputs a conversion failure signal if the conparison means has determined that 
the calculated value is out of the tolerance range, 

and wherein the recording means re-starts recording the output main data units. In response to the conver- 
sion failure signal. 

23. A code recording medium for recording/reproducing main data thereon/lherefrom on a sector basis. 

wherein scramble data and scramt^ed mairi data are recorded in every sector. 

and wherein the scramble data Is represented by any of initial values of predetermined pseudo-random 
number sequences for scrambling the main data. 

and wherein each of the pseudo-random number sequences is corrprised of a plurality of rarKlom numbers 
beginning with an Initial value of the pseudo-random number sequence. 

and wherein the main data has been scrambled by sequentially performing a logical operation on the 
pseudo-random number sequence representing the scramble data and the main data. 

24. A code recording medium according to claim 23. wherein each of the pseudo-rarxJom number sequences is a max- 
imum length sequence. 

25. A code recording medium aceorcfing to claim 23. wherein the scramble data indicates whether or not a sector of 
main data is scrambled. 
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26. A code recording medium according to claim 23. wherein the scramble data is set based on the random numbers. 

27. A code recording medium according to claim 23. wherein the scramble data is set in accordance with how many 
times main data has been rewritten on the same sector. 

28. A code recording apparatus for scraniDling and recording main data on a sector basis on a recording medium, com- 
prising: 

scramble data generation means for generating scramble data represented by any of a plurality of predeter- 
mined pseudo-random number sequences; 

pseudo-random number sequence generation means for generating the pseudo-random number sequences in 
accordance with the scramble data, each of the pseudo-random number sequences being represented by the 
scramble data; 

scrambling means for scrambling the main data by sequentially performing a logical operation on the gener- 
ated pseudo-random number sequence and a sector of main data; 
modulation means for modulating the scrambled main data; and 

recording means for recording the modulated main data together with the scramble data onto a sector on the 
recording medium. 

29. A code recording apparatus for scrambling and recording main data on a sector basis on a recording medium, com- 
prising: 

scramble data generation means for generating scramble data represented by any of a plurality of predeter- 
mined pseudo-random number sequences; 

pseudo-random number sequence generation means for generating the pseudo-random number sequences in 
accordance with the scramble data, each of tfie pseudo-random number sequences being represented by the 
scramble data; 

scrambling means for scrambling the main data by sequentially performing a logical operation on the gener- 
ated pseudo-random number sequence and a sector of main data; 
modulation means for modulating the scrambled main data; 

recording means for recording the modulated main data together with tiie scramble data onto a sector on the 
recording medium; 

arithmetic means for obtaining a calculated vafue representing a difference between a^nunt)er of 0 bits and a 
number of 1 bits included in the modulated main data; and 
a determination means for determining tiie calculated value. 

30. A code recording apparatus according to daim 28, wherein the pseudo-fandom number sequence generation 
means generates the pseudo-random number sequences in accordance with not only the scramble data but also 
sector identification data for identifying eacfi sector of the recording medium. 

31. A code recording apparatus according to daim 29, wherein the pseudo-random number sequence generation 
means generates the pseudo-random number sequences in accordance with not only the scramble data but also 
sector identification data for identifying each sector of the recording medium. 

32. A code recording apparatus according to daim 28, wherein the scramble data generation means outputs tfie 
respective pseudo-random number sequences in a predetermined order. 

33. A code recording apparatus according to daim 29, wherein the scramble data generation means outputs tiie 
respective pseudo-random number sequences in a predetermined order. 

34. A code recording apparatus according to claim 28, wherein the scramble data generation means selects each of 
the pseudo-random number sequences based on the random numbers and then outputs the scramble data repre- 
senting the selected pseudo-random number sequence. 

35. A code recording apparatus according to claim 29, wherein the scramble data generation means selects each of 
the pseudo-random number sequences based on the random numbers and then outputs the scramble data repre- 
senting the selected pseudo-random number sequence. 
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36. A code reprodudng apparatus for reproducing main data from a recording medium for recording/reproducing the 
main data thereon/therefrom on a sector basis, scramble data and scrambled main data being recorded in every 
sector, the scramble data being represented by any of initial values of predetermined pseudo-random number 
sequences for scrambling the main data, each of the pseudo-random number sequences including a plurality of 
random numbers beginning with a unique initial value, and the main data having been scrambled by sequentially 
performing a logical operation on the pseudo-random number sequence representing the scramble data and the 
main data. 

the code reproducing apparatus comprising: 



read means for reading out the scramble data from a sector of the recording medium; 
pseudo-random number sequence generation means for generating a pseudo-random number sequence for 
descrambling the scrambled main data in accordance with the read out scramble data; arid 
de-scrambling means for restoring original non-scrambled main data by sequentially performing a logical oper- 
ation on the pseudo-random number sequence and the sector of main data. 
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